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Summary

Based on the difference in responsiveness to amiloride, salty taste reception is divided into two components;
i.e., amiloride-sensitive (AS) and amiloride-insensitive (Al) reception. AS is thought to be involved in the salty
response at low concentrations and Al at high concentrations. Since amiloride is an inhibitor of the epithelial
sodium channel (ENaC), the AS pathway is thought to be mediated by ENaC. For many years, however, the Al-
related molecule has been unknown, so the present project includes this type of research.

Moreover, recent papers revealed that both olfactory and gustatory receptors have been shown to be expressed
in a wide variety of tissues. The G-protein-coupled sweet, bitter, and umami gustatory receptors and other
gustatory signaling transduction proteins, i.e., ion-channels, are expressed in the tongue basically, and also expressed
in such tissues as the digestive system, respiratory system, brain, testicles, and so on.  Similarly, olfactory receptors
are not only expressed in olfactory epithelium, but also in such tissues as the nervous system, gut, kidney, leucocytes,
tongue, and so on. Therefore, the present project also includes odor-taste interactions, and beneficial usage of salt

in food processing for our healthy life management from the viewpoint of functional food component utilization.

Subtopic 1: Effect of smell and taste sensation components on sodium chloride perception.

(1) Role of chloride ion in salty taste response and its molecular elucidation” (Dr. Tomiko Asakura): Epithelial
sodium channel (ENaC) is a major salty taste detection receptor, and Dr. Asakura, et al. discovered that the
transmembrane channel-like 4 (TMC4) is also involved in total NaCl taste detection mechanism as a chloride
channel. Furthermore, they clarified salt taste enhancement by 3-guanidinyl propanol via TMC4-mediated
mechanism for the first time.

(2) Effect of scent component of the foods on sodium chloride preference in mice. (Dr. Kazumi Osada): Oregano
is the staple herb of Italian cuisine, most frequently used with roasted, fried, or grilled vegetables, meat, and fish.
Majorly contributing flavor of oregano leaves is carvacrol, and Dr. Osada revealed the fact that scent component of
oregano or carvacrol enhanced the salt taste intensity, which reduced the salt preference rate in mice. Moreover,
they elucidated the transduction mechanism of this volatile on the brain area which control the salt appetite.

(3) The cognitive mechanisms and application of the salt taste enhancement effect applied to the low sodium
foods. (Dr. Nobuyuki Sakai): Drs. Sakai and Onuma’s study aimed to promote the acceptance of low-salt foods in
Japanese people, and found that the Japanese consumers have enough knowledge for salt reduction, but they do not

behave to reduce salt intake. Their another study aimed to find the best flavor that enhances salt taste using healthy



subjects who tasted and evaluated several low-salt soups with a flavor, and found that sardine, bacon, cheese showed
salt enhancement, but without significance. From this study, they are finally recommending that we should use

sensory-nudge in health promotion in Japan.

Subtopic 2: Flavor improvement by food processing using sodium chloride during fermentation.

(4) Improvement of flavor and health functionality of fermented rice bran and wheat bran by the regulation of salt
concentration. (Dr. Hitoshi Shirakawa): Rice bran (RB) and wheat bran (WB) contain several functional ingredients
for health promotion, and Dr. Shirakawa et al. previously developed dual fermented RB (FRB) using fungi and
lactic acid bacteria which process improved smell of RB and increased functional ingredients. FRB has been
shown to be able to improve symptoms in animal disease models. Furthermore, they observed higher functional
property of RB fermented by Rhizopus oligosporus (i.e., as for the secondary metabolites, adenosine, ergothioneine,
and betaine) or Aspergillus kawachii (ergothioneine, choline, decanoic acid) were increased by an addition of NaCl

before the processing.

Subtopic 3: NaCl or sea water utilization on the function and flavor enhancement of foods.

(5) Study on the flavor improvement of foods by utilizing sodium chloride and amino acids interaction effect. (Dr.
Kyoko Ishikawa): Salt, an important seasoning, adds saltiness to food and enhances or suppresses other flavors.
Because excessive salt intake is known as one cause of lifestyle-related diseases, salt reduction is recommended.
Firstly, Dr. Ishikawa confirmed that the interaction between umami- and sweet-amino acids enhances the taste of
foods including salty taste. Secondly, they confirmed that taste enhancement using salt and amino acids interaction
is effective not only for liquids phase but also for solid foods. Thirdly, in addition to amino acids they added aroma
components which were extracted from bonito flakes, and found out that the fragrance ingredients increased salt

taste intensity with long-lasting aftertaste.
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YT I T SRS OHIC 0.CT. a8y R (B
0777 AT Tx N RAEAL) ZHOTRML, '
REFRETVHRE LTz, k7 vy 21E, 7 um IZHEEI0L,
MAS 1 —h2XT AR Z A (KR IRAE T TR S ) 1ITRED
I BRSO 21537,

VAR =BT T B A RNA %, DIG RNA
labeling mix (Roche Diagnostics £1:) Z FV T T3 RNA
Polymerase (Stratagene £L) C in vitro 8 5- UG EATUVE K,
L7z, D%, Alkaline Sizing Buffer (42 mM NaHCO:s,
63 mM Na,CO3) T 65°C, 55 7y [HALERL, DK 3 iR i
[ZED T F B ARNA % 150 ¥ HEFRE 26T (kL RNA
Ta—7ELT,

TERIL7-A7 50, BOR, SR FLEABGRE U I m mE 15
G T TUI R RS T721%, 4% PFA /PBSIRIRT T 15
5y MEEL, 0.1% DEPC/ PBS ik C 2 BIMEH LT, 7’1
— T ERBE LT LT B2, Proteinase K (1 pg/ml,
Invitrogen™) Z & ¢ TBS KT 5 /ML, =51
0.1% DEPC / PBS {ii Tt LTz, €D, 1.17% F=
B =T & 0.25% KRR A& Lo DEPC KIZY) R &
=L, 7eF W bE1T o7, DEPC /K THEE#%, Y15 OJF
DAL FRE SRS, T ATVE A — a2 RIK
(50%7/L 7R, 5xSSC, Fish Sperm DNA (40 pg/ml))
([ZiRL, 58°C, AP C2RH T L ANAT VA B —Tar

ATl TDR, NATVE A= a T (50%7 /1
L7 2R, 5xSSC, 5xDenhardt's % , Yeast RNA
(0.25 mg/ml), 1 mM DTT, Fish Sperm DNA (0.5 mg/ml) )

(2 85°CC 3 ML=, ZhEUI R BT FL, /357

AV LEPET 58°CT | AT VI AL —Tar2lT-

o MTVFAE—Ta gk, 58°CO 5xSSC T 5 43 fH]x2
5], 0.2xSSC T 30 43 [ x2 [, YEifrL7z, TBS TR T 5 4>
ML, 7 ey 7 %K (0.1% Blocking Reagent
(Roche Diagnostic £1:)/ TBS) (22 C 1 RFfAIFREEIR L C
Ty T EAT TN, TIVHIVRAT 74 —CHEi#kbiy
X7 = HR (0.1 ul/ml, Roche Diagnostic £1) 2%
o7y TR CEIR 1 R, PURSURSEETT
o7z, TBS R T 15 73 [x3 [P L, TAAURAT 74
—€ /3y 77— (100 mM Tris-HC1(pH9.5), 100 mM NaCl,
50 mM MgCl) (2 5 43R L7,

Z D%, FAIFE LT NBT (Nitro-blue Tetrazolium)/
BCIP (5-Bromo-4-chloro-3-indolyl phosphatase p-toluidine
salt) 7&1& (Roche Diagnostics #1:) & FLC, =T 1 B
HSSHAT T, TIVAVT A AL —E Ny T 7—"T5%;
VB L TR AL LT, BMKIZ S IR L, Zh
A RIS, Fluoromount (Sigma ft) & AW TH/N—HF
AEDNTEAL, TV T — b BRI 7, BAMEE BX51
(Olympus ) THIZE, A1 CCD % A7 DP73 (Olympus £)
THGRA G LT,



2. 6 Whole-cell patch clamp ;%
2.6.1 JSARIFRUERBRIVN\VE

mTMC4 %z HEK293T il R BRI ED7201Z, CMV
TaE—H—aFFOT TAINA X — pIRES2 -AcGFP1
(Clontech #t) % f v 7=, pIRES2-AcGFP1 O fill [R % 55
EcoRl W A~ & Notl @ [ 12 mTMC4 ( accession
NM_181820.2 DEAZ~w A0 A FRFLEA L H KD
cDNA Norr—=27) i ALT R Ea AT 7,
1 pg/35 mm dish OFIE CEIR T EH AT/, BIsT
i \FEKIZIT Lipofectamine® LTX Reagent with PLUS™
(Thermo Fisher 1) Z M\ /-, £l-dtiirna HrUEL T
pEGFP-N1 (Clontech £1) 0.1 pg/35 mm Z[A/RFZEALT-,

B -EALZMIEZ 18 mm LT T A RAIRMYF T3
RS ITREFEL , FHEEA L F 2 —H— (37°C, CO,
TR EE 5%) THE#E L7z, 2 CO IR, HEK293T MifldiZE
{8 A% 24-36 BRE] ORI T,

2. 6. 2 /\YFH5>F & (Patch-clamp recording)

HEK293T il Fiv 7= whole cell patch-clamp recording (=
BT, HiEZEE LT Axopatch 200B (Molecular Devices 1) %
FAVTC, Digidata 1550 (Axon Instruments £t, Union City, CA,
USA) DTV ANT =2 BT LT, BdFLIeT — 213, ¥
777 pCLAMP 10.2 (Axon Instruments 1) 28 F Lf#hfT%
17577,

GD-1.5 ‘AN HZ A% (NARISHIGE 1) &~ 71t~k
7"7—P-97/IVF (SUTTER 1) ZAfti>THNTL, 77 ek
RRLT=, TEAHEHTE 3-5 MQ 72D IO 7=,

JI7E X mTMC4 3550 hTMC4 B O IR AEN %,
-60 mV ([ZEEL, MfESMNEZNEIZHER L 723517 o7,
MM LT 10 mV [ERE T-100 mV 7>5+100 mV
® step-pulse (400 ms) 252 T -V #ifR&ERL, #7025
MM IZ LD mTMC4 30 hTMC4 O E B i Fe:

ZRE LT, ET-HIIRSNE A BB B 55 61

-60 mV [ZEEJEFEE LM 5 2 EICE 100 mV DT
T WA 300ms G- RIRBB~A7mT7 4/ CMF28GxxL
(WPI 1) & - T 2=V a L L DTR D E R AT T T,
2 TCORIEL, 25°CTITo7,

RoF 770 TIHEIZB W THWZ I (Pipette
solution) DAL % Table. 2, & UL (Bath solutions)
DAL Table. 3 ([CTNEHRLTZ, 703, Table. 3 (213,
Fig. 4 THW\ZasME O S FL# L 7=,

#H i PN % (Pipette solution) (%, NMDG (N-Methyl-D-
glucamine) 2 F\ C pH7.4 [ZFH%EL, fENIRIL, 1215
JE 139 270 mosmol / kg (ZFHFEL 7=,

#l i 44 % (Bath solutions) &, NMDG-OH % T
pH7.4 (ZHHEEL, MIIAMEDO T X TIZOWTC, RiEEE
#9290 mosmol / kg [ZFHHE L=,

Table. 2 Compositions of pipette solutions

Solution
NMDG-CI KCI
Electrolyte
(mM)

NMDG-CI 134 -
KClI - 134

BAPTA 5 5

HEPES 10 10

N-Methyl-D-glucamine (NMDG), O, O-Bis (2-aminophenyl)
ethyleneglycol-N, N, N, N'-tetraacetic acid, tetrapotassium salt,
hydrate (BAPTA), 4-(2-hydroxyethyl)-1-piperazineethanesulfonic
acid (HEPES).

The pH of all pipette solution was adjusted to pH 7.2 with NMDG-
OH. The osmotic pressure of all pipette solution was adjusted to
approximately 270 mOsmol/kg.



Table. 3 Compositions of bath solutions

67 mM NaCl, 34 mM NacCl,
NaCl (Cintrol) NMDG-CI 67 mi Na- 34 mM Na-  Na-gluconate NPPB Na-glutamate Asp-Na lonomycin
gluconate gluconate
NaCl 134 - 67 34 134 - - 134
Na-gluconate - - 67 100 134 - - -
KClI 29 29 29 29 29 29 29 29 29
HEPES 10 10 10 10 10 10 10 10 10
D-Glucose 15 15 15 15 15 15 15 15 15
MgCly 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2
CaClz 21 21 21 21 21 21 21 21 21
NMDG-CI - 134 - - - - -
Na-glutamate - - - - - 134 -
Asp-Na - - - - _ 134
NPPB - = - = 0.1 - =
lonomycin - - - - - - - 0.005

N-Methyl-D-glucamine (NMDG), 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES), 5-Nitro-2-(3-

phenylpropylamino) benzoic acid (NPPB).

The pH of all bath solution was adjusted to pH 7.4 with NMDG-OH. The osmotic pressure of all bath solution was

adjusted to approximately 295 mOsmol/kg

2. 7 Whole-cell patch clamp ;%

Table. 3 (ZREHL7-HIfRAME A INEVE T 1T EIS LT
EERERIRL, T " —IZNIZHER LTz, Ty —
WNOIREIL, Y —IAX¥ 7 —7 (TA-29, Warner
Instruments) &&—4—= ke —7— (TC-346B, Warner
Instruments) CE=ZV> 7 LTz, REZELOTT T NI
DU T Digidata 1550 (Axon Instruments) |Zd&>TT V4
ML, Y7k =7 pCLAMP 10.2 (Axon Instruments) %
HWCT =2z 1772,

2.8 T—HEM

BoN=T — 2O RIE, Mean+ SEM (L THKLT,
FEEHIENTIX, JMP F7213 GraphPad Prism 6 % FU N CREHT
L7z, ZEMKEIL, Tukey-Kramer i 7E% H W TITW
p<0.05ZHEELIZ, £z, FEAr—/TifeHREE (T)
DL L TORUIZIREZ(BITH T2 TMC4 D+60 mV
CRITDEFMEE 7 vy b, TL =27 my MAER LT,

HWEBLE (Qu) X, 2 vroAfrrnr/ o A
(http/Awww.physiologyweb.com) 2 FiV N CIEEDIREE AT (2L T

QAT — (QIO) AT/10

DORZEFAWTHE L7z, NPPB X° ibuprofen 72&, %7
2y 1 — O EHRIX, -60 mV (ENaC DFA) F-21%

+60 mV(TMC4 O EZ 1T DR EA G- R4 O E
B2 L Toocker/ Inact EL TR LT, A PRFEAIOH:HE
I (ICs0) 1%, Y7~ =7 GraphPad Prism 6 (GraphPad
Software, La Jolla, CA, USA) =W CEHLT-,
3. HIR#HER
3.1 KEREMICRRT S0 F

B AT~ 2 R ELEA B R B K OVEE E R ko
total RNA %% &2 RNA-Seq 14 HV i8R 158 BURAT
ATV, BBI5 D3 BLET —4 (Final - RPKM) 21572,
HAF I IV DB Y T BNTETS HiThoT-,
DA BIn T OF IR ERICB T3 EE CV, F
W ERICBIT DR BLEA Epi &F %,

BREERFIRAYICHBIL OB FIZLL T D 2 D05
{Gaael Y IS

1. BELZ<E A IHHI L (CV)IZBITDRBLEN

A,

2. WA & FR A B (Bpi) 12361 T 2 FEBLEAMEL Y,

Lo TEERNI DBRFE R AT BURAR 723723 CV, Epi
DEAEF DL T, FILRMFAG -8 a 2 W
FHPEBLBR TR E L TRVIAT ZEM AEETH D,

-10 -



RNA-Seq Tf3Hi172 RPKM D5 Epi & CV TH
BB DRI D0 F 2 W R SRR FE By L LT L
2o T, BOIeT —HIBEE O ME R R By
T ORI EEZMEL, CV BXW Epi IZBITAREED
AR FHL, Rt —7 = R (NGS) D7 —H 43
i Pz LURTE DOFEBL Sy F A ELSHIE TEDIN G R
AEL7- (Table. 4),

R AREL TS DdHD Tas2r107, Tas2rl18,
Pkd211, Taas2r107, Tas2r108, Tas2r120, Tas2rl115,
Tas2r138, Tas2r106, Tas2r102, Tas2r137, Tas2r105,
Tas2r121, Tas2r134, Tas2r119, Tas2r117, Tas2r110,
Tas2r104, Taslr2, Tas2r126, Car4, Tas2rl135, Pksll3,
Taslr3, Taslrl, Sennlg, BRI 27T /URED Fiitsr 1

Gngl3, Calhml, Gnat3, Trpm5, Gnb3, Gprl13, Plcb2,

Gnal4, Kenk16, 27 BlIIMsHRa (1, 1M, M) ~— A —i&

{57 Kenql, Snap25, Entpd2, & OB R I
FEHLL, {HEVENC /M EIZ B 550 F Tregl, Krt20,
Kenjl, Aade, Foxa2, Krt8, Krtl8, Krtl19, Lrmp, Cxcll4,
HLFETIZHREDSHS 51 571D Epi KN
CV @ RPKM ¥ LN CV/Epi & Table. 4 [ZRLTZ,

Skn-1, Anol %

T RTOBIET T CV IZBITDHFREMN Epi OFRHEE
kRS TU A,
ZNHD 51 BART-DOIEBLZOUNTEIIT Epi, ftfhlc

CV OFBLEA Y7 2y LT=D28 Fig. 1 THD, 51 &
fRAF139_T CV>3, CV/Epi>3 DM AimT-4ZEh
O, WRFERFRAICHBLT D50 FOMERMELL T C>3
2 CV/Epi>3 R EL, ZOFMET -3 E 51 1120
a7 Sl By i

WIZ 1120 DFPDBLLTD 3 DO 5% 8 s 1
EHUZ, HAIE T2 718, OBRHIRLO AT Fio%
B 2L THIENDT=D D7l 1 EIEL RO E s mEIk
EHTHIE, @5 ETITHRE CORBNBHRES TR
WZE, @CV IZBITF DB 10 KO RENWZ LA RO
DEAE LT, WEIZBITDRBIA in situ AT IVZAE
— AR E S THEE T 5720 BUIHFREEE
WHLFRELL EHDHZENNETH D, IREEBEEIE, 5

AR T 7 R TMpred ) & VTR D72, ZOREHE,

IVRIRUPR SUC ooy i o ol D Y S 1 R oy g

L Cvic

Table. 4 Expression value of genes (RPKM) expressed in taste buds specifically Circumvallate papillac (CV)

and epithelium (Epi)
Cv Epi CV / Epi CV Epi CV / Epi Ccv Epi CV /Epi
Gngl3 774 0 o0 Tas2ri0s 425 0 o Krtl9 198 0.91 217
Tregl 65.0 0 o Tas2ri2l 4.19 0 o Taslri2é 8.44 0.04 211
Kre20 26,8 0 o Tas2rlid 4.12 0 © Card 6.24 0.03 208
Tas2rll8 23.5 0 o0 Tas2ril9 3.92 0 o0 Lrmp 93.3 0.68 137
Pkd2l1 16.8 0 o Tas2ril7 3.87 0 oo Tas2ri3s 5.14 0.04 128
Kengl 14.3 0 o Tas2ril0 3.69 0 “ Fldll3 47.6 0.4 118
Kenjl 13.5 0 o0 Tas2riO4 3.56 0 o0 Kenh2 5.15 0.07 73.6
Snap25 11.1 0 w0 Calhml 3.03 0 e Cxelld 113 1.57 72.2
Tas2ri07 8.90 0 o Gnat3 127 0.03 4236 Gnald 17.1 0.26 65.8
Aade 7.59 0 o Trpm3 37.8 0.01 3780 Kenklo 4.61 0.12 384
Tas2ri08 5.60 0 w0 Tasir2 20.3 0.01 2029 Tasird 25.3 0.7 36.2
Tas2ri20 5.16 '] o0 Gnb3 104 0.07 1487 Kre7 129 3.78 34.1
Tas2ril5 5.06 0 o0 Gprill3 8.28 0.01 828 Tasirl 3.69 0.16 231
Tas2rl38 4.67 0 s Pleb2 70.0 0.12 383 Entpd2 54.8 4.53 12.1
Tas2rl06 4.49 0 o Foxal 18.8 0.06 314 Skn-1 19.5 349 5.59
Tas2ri02 4.45 0 o Krt8 113 0.36 312 Anol 13.3 3.27 4.06
Tas2rl37 4.4 0 - Kril8 161 0.62 259 Scnnlg 6.14 1.74 3.53
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Gnat3
PlcbZ\ .

N - -~ * *
Trom5 .
. . .
Downstream signalling . cV =
Pkd1i3 e
Tas1r3 = V=3
Tas2rl1 s
Tas1r2 1 2 Epi 3 4 5

Taste receptor
Taste receptor

Fig. 1 Distribution of taste bud specific expressed genes

Skn-1  Transcription factor

Fifty one taste bud specific expressing genes were plotted in the figure according to the expression value. Longitudinal axis
shows the expression value at circumvallate papillae and horizontal axis is that of epithelium, respectively. Red area fulfills
both CV>3 and CV/Epi>3. All 51 taste bud specific genes were plotted in this area. 1120 genes which fulfil CV>3 or CV/Epi
>3 were selected as taste bud specific genes from 18033 genes whose expression at CV or Epi is at least more than zero.

3. 2 TMC family 3 FDOEERIE R UED LK
IZHEITHHRE

A ESFLEE & OV _ER2)5 total RNA ZfliH L, NGS
EROCTRBMITZ1ToTo, TNEN ORI &2 /R
RPKM (2D TSR LIRS 830 R TR HL R bk
F5728IZ CvP /Epi DEZEH LT, Fig. 2B IZHE R AR
+, CvP /Epi DIENEA BV DIE TMCS CTho7223, &
W BRI, IFIFOIZITN=8DIT CyvP /Epi D RN
RO TRV MEZ R LT, BERIO BRI R B 952
ENREEN TG 3 SDDO~—H—4>T Entpd2 ( 1 FHH
Jie), Pleb2 (1T FSHAR) , Pkd113 (MAYMAE) © RPKM (1,

Scale bar 50 pm

WG S0 E<E NEENLL ETHDHTEN D, BRFERFL
FINZFHEBIL, HERET 255 F1%, RPKM 73 10 LA ETHDHZ
ENMELEZ LD, TNHLD M ENT-T /0 &L T
TMC4 DMERIEL TET DIz, £2C, AERELEA, S8k
JLEH, BEIRAIFAEZEG LU R 2 H T TMC4 D in situ
hybridization 17572, &FLIAD F I HIFEAALIL
Fig. 2A |T”"T,

ZORER, FHORIAFAET HH FFLIAEFRFLEE TR
WIEBL LDV, EURALEACIE, 1ZEAERBLTIRS
Hginotz (Fig. 2C) . A #8FLEA 2% V= RT-PCR
Th, TMC4 O U R it a7z (Fig. 3),

B

Expression (RPKM) in .

Gene . CvP/Epi
CvP Epi

Tme1 0.06 0.01 6.0
Tme2 - 0.01
Tme3 0.15 0.09 17
Tmec4 43.18 4.29 101
Tme5 4.56 0.04 114.0
Tmec6 18.64 10.56 1.8
Tme7 5.94 1.19 5.0
Tmec8 0.34 0.33 1.0
Entpd2 54.83 4.53 12.1
PlcB2 70.01 0.12 583.4
Pkd113 47.57 0.40 118.9

Fig. 2 The Tmc4 gene is predominantly expressed in the taste buds
A; The circumvallate papillae (CvP), the foliate papillae (FoP), the fungi for papillae (FuP), the epithelium (Epi).
B; The next sequence data. C; in situ hybridization of Tmc4 mRNA.
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N S S Y PN T
> P L &P
SoELE EEERE (&KL

500 bp [ al & - -

Fig. 3 RT-PCR of Tmc family members and Trpm5

3. 3 TMC4 #HIRL TL\% HEK293T k%ML =
"=V IRvFH50T
FEREARIITCHDIRS 7 T TMCA DRIZARIF 5728
R FAV = Whole-cell patch-clamp 725% FV /=, mTMC4
wT AT =7 NUTCe MR g3k HEK293T Al 27
VT 7VATHPEL =825, mTMC4 2 3B CU Vel mock
HaL Lo CRAMEENT T CREZNmE B MEERS U=,
RPN OBA A % KD BIRIRE D EEm A AT b5
- N-methyl D-glucamine (NMDG) (ZiE 4l CHEMEENT, (&
PERENLCRIZESID TMCA BB b, WReENT
(Er) b A E 2 L L7227 > 7= (mean+ SEM (n=4), KCl:

276409 mV, NMDG-Cl: -25.6+40mV), ZDZ 05
ERRIBEI LT

mTMC4 % KNZ LD ELEZ TN
(Fig. 4A) .,

AT, ARASME DB A A R DR B A R T2 L2 A
mTMC4 DOBAT D5 OSBRI, FRED
NMDG-CI, NaCl, ERitE Na F¥ RV OBLERITHHT
SaTARDEELZITT, TMC4 BB OWEREN T
ZAbL7eh 7= (Fig. 4B), — )5 C, #/17era7ARFr/L
FHEAIE L CHAFS LTS S-itro-2-3-phenylpropylamino)
benzoic acid (NPPB) % 5 T e Al A MEA IR IC i A3 5H & TMC4
DB T D0 E B FERITIE R LT (Fig. 4B) , 2
SOFERLIY, mTMC4 1L, A4 F 3L ThTInTA
NS METH7e< CrOWRAICE 5952 L2 RS iz
(Fig. 4B), f& 1A koo mEERIE, BlEEA T T
AN DRIEN ~DEEAF L DA ZREL TS,

EBIZ, ik DIaTART ¥ RN HERICT =4 T 1L
FHEANC LD mTMCA I BRI OV CRELTZE2A
mTMC4 OIS EEHE NPPB LIZN 2 Ml Ca2gezttras
ARF ¥ RIVOFHEAICIHD CaCC(inh)-A01 2(Zd~» T PHE
SNz (Fig. 40), 7 /A F U HERRtE S 7 = ik, mTMC4
I ERIRAANRT DZ LNV NESITZ, — /T, ZVAStTF
HEHESe 44’ diisothiocyanatostibene-2, 2'  -disulfonic (DIDS)!:
mTMCA BN 2L CoRy IR BIERE 720 7= (Fig. 40),

mTMC4 mTMC4 mock cell
B nA

A o
+100 3 o 5
NMDG-CI g c
60 mv [ S
2 4 B
f €
-100 o £
400 ms 1 p 2
P B
- mv 2

-0~ 50 50 100

B NaCl (contral)

@ NaCl A NMDG-CI
NaCl + Amiloride @ NaCl + NPPB

B +100 M NPPB
+100 pM CaCC inh-A01

B+ 100 pM Tannic acid
B+ 100 pM Niflumic acid

B+ 100 pM Fluoxetine hydrochloride [0+ 100 pM DIDS

Fig. 4 Tmc4 functions as a novel anion channel

A; current- voltage (I-V) relationship with KCL (left), N-Methyl-D-glucamine (NMDG)-CI (center), mock cells as negative control.
B; I-V curves under different bath solutions in cation. C; Effect of several anion channel inhibitors.
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-60 mv -60 mv

my

100 -100 -50

0
4l

MNaCl Na-Gluconate

® 134 mm 0 mM
® 67 mM 67 mM
® 34 mm 100 mM
® 134 mM 0 mM + 100 pM NPPB

@ NaCl

Fig. 5 Characterization of Tmc4

® Na-Aspartate
® Na-Glutamate
( Na-Gluconate
@ NaCl + 100 pM NPPB

mTMC4

lonomycin

L
@Ef G-Cl Gomﬁ/fff _11nA

nA

10s
50 100 300 ms
mANO1
Ionomyoln
Illlli_LLJ_L_J_Ll|] I”_H H‘ u‘;

A, B; Tmc4 responds to some anions. C; Tmc4 activates without increase of intracellular calcium ion.

AT F X T, IRERAFRN RN SR DA A

ZREEINICEZ RSO EEIZ RO Y L RO E ThD,
D7D mTMC4 DR EEAR AR A A M2 7= 377
EOMEER T DT\, MM E FD ClaA
F P ARDRE BN gluconate 1A ZBERE
M B XWX DR 21T 72 (Fig. 5A) . #fRSME D Cl
gluconate A A NZEHLIZFED 1-V #IFRED mTMC4 D
TN EIRIL, BN TOL TR NRZXEROT-D

V\ZIEREZR SR BN AR E T HZEIENEE Th 7223, K

HREEAL AN R ELS AL LR o T, — 7 T NEHITH

BALON M EERIL, MIANSRIZE E1D CHRED
I TR F 2382 E 7 (Fig. SA) , ol CRtlast
WIRIZEEND ClAAV H Tl 2 DRIVEEDHET =4

(ZiEH LT, MIRSMNAIRIZ & E41D Cla 4T aspartate
4, glutamate 4>, gluconate A NZEHL =55
THmMTMC4 DA T D80 E BRI TERITTH R L2
~7= (Fig. 5B) , ZOHFE)5H mTMC4 [T O A1 T =
T NBBARE THHEE D KERILEFE ST =4 F
YRV THDHIEDRES LT,

e T TMC4 OFBIN Ca® i BEAR T I DU Tl
L7z (Fig. 5C), TMC 773VU—I%, Mgy Ca> 2% -5
WIGEC TIEMALZ R T 7T AR F v R L ELTHILND
ANOI (TMEM16A) IZfR&EENDT /747 7 —¢h
EAREHINCBR RS D LR ESI TS Y, Ca¥ % & &
7RVWIAE N % AV YT Whole-cell patch-clamp 5% U

T mTMC4 & mANOI1 FBAIEZ 7 7L ATHIBIL
TR T 5 mANOL EIE I, 5 uM A4/
~ AT OEGIZLOMBAMNRIZE LD Ca¥* DR AL
£oT mANOl B ERNSKEIEMT 25— T,
mTMC4 FEHHIIACTIL 5 pM A2/~ A DGR D
B FERIT LA L 22> 7= (Fig. 5C) , ZDOZEND
mTMC4 (21, MR Ca? i BE R AR IEDS RNV RIR S
iz,
3.4 TMC4 ENERDBEICHT HEE

F7, hTMC4 DIREDEEIZ DWW TEREZIT ST,
whole-cell patch-clamp % VT, hTMC4 (28> THA TS
DA AE CIrEialE L-, 24U, hTMC4 23814
% HEK293T AfRIZ A T5 Clan ¥, B TOFh
X CI'EA L LTz, 25°CTOAMEE D CIrEFTE L
T 17°COANAED CIEHIE, TP LT, Fe,
IRE ERICHEST, ZOERITHEIMLAY 40°C Theh i<
7207, ESHIZEIRSEFTHNMED CIrERITRE2DE
FE LTS, IREED 47°CIZEET DRI, A RIE D CI'ER
1%, R&EWA LT (Fig. 6A).

hTMC4 |2 &> TS 3 5+60 mV DM & CIERED
IRk 252 8% Tukey-Kramer FREET L =7 A7 1
v e W THEMT L 72, Tukey-Kramer (2525 % ERED
FERL, AhmE CIrEdRIE, 17°C, 25°C, 47°CL kil T
40°CTH EIZHINLT- (Fig. 6B), £727L =7 A7 vk
I%, hTMC4 DA 3 H4 A1 CIERAS 42.6 £0.52°CT
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RELENTZZEER LT, TV = AT ay Mnbat s 95 M FAYIG T mock M TIFBIERS W)~ T
7= hTMC4 @ Qo 1% Qio = 1.48 THY, hTMC4 |[ZHHE (Fig. 6D, Fig. 6E)
PRI E L S e N2 E S RIE S U7 (Fig. 6C) , RIS

(A)

mV

-1 1 50 100
-2
— AT 40°C
— 250 = 4TC
[B) {C) Temperature ('C)
Relative current value 49 44 39 M 30 26 21 17 13
3 1 1 L 1 1 4 i J
2T T
= a 3 426 + 052°C
o
= 151 I £l 9 %o
© b g i o090
g 1710 e %o.q.
Q c ;5’ T o O~
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Fig. 6 hTMC4 is modulated by temperature.
(A) left; Time course of current recording of human TMC4 (hTMC4) and temperature recording. Currents evoked by ramp-
pulses (300 ms duration, every 5 s from -60 to £ 100 mV).
(A) right; The current-voltage (I-V) relations were selected from each arrow heads shown in the left trace.
(B); Temperature effects to hTMC4 were shown by I xec/ [ »5°c at +60 mV. All values shown are mean + SEM (n = 7).
Different letters show statistically significant differences in Tukey—Kramer test p < 0.05 (n=7).

(C); An Arrhenius plot for heat-modulated current shows a clear flex point on temperature dependency (data in (A) were
converted). The crossing point of the two linear-fitted lines (a flex point) was defined as a temperature threshold for
activation. The Qo value was calculated for each line.

(D); (left) Time course of current recording of mock cell and temperature recording. Currents evoked by ramp-pulses
(300 ms duration, every 5 s from -60 to £100 mV).

(right) The current-voltage (I-V) relations were selected from each arrow heads shown in the left trace.

(E); E. An Arrhenius plot for heat-modulated current could not shows a clear flex point on temperature dependency (data in

(D) were converted).
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4. ER

RS2 < IS B NI DAL A A ANIEE T 557
FERVERT DO AD KL G LA 2 ELE E R
FORFEZ B F VWAL ERICHEBLT D mRNA @O NGS
VLD RRI AT 21T o 72, BEFN OB B E i A= 1 (51
S IOV THRELE (RPKM) 2] ~_7=E2 5, TTO
ST CHEEETEMIO mRNA JEBEL, J& FEo
B EIVRKREL, BELITAT TV —DEIETHLZEN
RS, LR, CrOZFIZE DLy T ORI A7
FTV—EFATHIENARETHY, ZNHOFERI D, H
HIET D0 F AT HRMEREL, IROAT— (in situ
hybridization) DREHTEAH Y T 2450 LA kT,

4.1 TMC4 [FEBHKFEIOSARFFYRILTHSD

TMC4 %, transmembrane channel-like (TMC) 773V
—D—HThd, TMC 77U—IZ, 8-10 HOEEEE
WAEFFOLTHEINDZE, C KD 3 DO E @R
F&ETe TMC R AL LRSI R AF S LT BB
ERIOZEDNRESITND ), HFBICHITLTMC 77
IV —IiZ, TMCI1 75 TMCS8 @ 8 DD Fn13HY 9, Zilh
D8 DDA X—DHH, TMC1 & TMC2 (2D TOAFE
EA TUND, TMC A3FE B2 N B D28 24 | TR
DOFRD 1 >THY 19, TMC2 1%, Ca¥ &S L7 HREN#
I LD R R G952 ehlEsn g ), =
UA TMC1 BLO TMC2 1%, ZRHDAERS s+ T
HDHTATIHA(CmIMCL) BEI O EF A=
(MuTMC2) D53 FHEREFRAT 0, BRI MR T 7 A
Fr R ELTT TIZER SN TNS 12D, fthod TMC 43+
IZBIL TiX, TMC6 (EVER1) 3L TMCS (EVER2) D%
EPRETNRREEYBIEICEBRL TV HES I,
TMC5 F&EL EF- 2 NPFERE OMEHEIZRE 5953 19, [
it DIEIERFIZ TMCT DOFBL LA DRI DT &N i
ENTND 9728 TMC 77— 2B T 22 OB s 113
AR BB REI AR OLEZLND, LN,
TMC 773V —0D%<L%, Bin FRBIZIZBET 28
THY, ZHET TMC A —D4 FHpET TMCL &
TMC2 ZERWNCTIEARTH-T,

AMFFETIL, TMCA DMERSZ B 53 DR
T=A L F RN THLIEEFLMNI LTz, TMC4 11X
TMC 77 —IZB T 50 FOFRTHO TOT =F > F ¥
FIVTD, BBIESZ T4 F ¥ 32V ThDH TMCI,

TMC2 OREERENTINE T AL F v 7L LU CHEZR3D
DT/ G520, M521, D672 1E, TMC4 TIEETHRIFS
NTCWR-oT= 19, F72 TMC 7 73—, TMEMI6A &
L THHEILID ANOL BET 57 /7430 77— LB
FEFIDIEBIL TNBTdd, T /7 HI A =T 73—
ELTHAHESN TS 19, ANOL 735 ANO10 @ 10 i
HEENTOWDILIEDT /743077 —DHh, ANOI
FBELOYANO2 (TN Ca? B CI vy L ThHI L
DHESIL TS 1D, —J5 T, il ANO4, ANO6, BLW
ANO9 N7 =ALF ¥ RT3, hF A F ¥R/ T
HOHLZEPESN TS B, ZhbT /7230773 —
DG EEERTDHE, BT F XY RN EBAT L F XL
WE—7 7V =BT DL, TMC 773V —IZ[RHi
72 ETITRnEEZBND,

EBIZ, mTMC4 D95 CLEE, NPPB 7217 T72<
ANOI 3L TN ANO2 DFRFEDBAFEHSITH 25 CaCCinh-A01 |2
FoTHHESN 7, ZOZED TMCA [HEM LD
ANO1 LHLEOREEZFf > QWA ZENEZ HND, — 5T,
MIEND Ca?REE LI K> TEM LT 2707 /R F v
JVEFIHID mANOL LT HEAIIZ, mTMC4 (Al Ca®t
OHEIVRTEM ST (Fig. 4C), mANOI1 O CaX i &iT
A1, mANOI1 @ N646, E650, E698, E701, E730, E734 T
HEREZNTVWD VO, LML mTMC4 ORI &
MANO1 OEFIE#ET %L, mANO1 @ E698 (Xt HH
ALELT mTMC4 @ E513 O 1 BEEDHOMBFSI TV
DD, D 5 DOFEFLIRAFSI TV Veh Tz, ZDOZ X,
mTMC4 ASHIHEN Ca? B DN L LBhET 585 2
D,

SHIZ, mTMC4 DHIERFHENE, 7V as A A 728 D
REIAF LY AZXDREAA L mTMCA ~DFE >
Z&THD (FigdAB) o ZOMRIAFEA AL ZRIEZ DUV T,
Polyethylene glycol (PEG) 728 % FIVNTA %, AR T A XD
EATOZEDRNEETHD, LLEDOTENE, TMCA 13HL
TENATIET =A L T RV THHZEDRENT,

4. 2 IEKROZEIZHTS TMC4 DEBZHEE]

AWFFETIE, TMC4 DSHTRUENARAENET =4 F v
LTHY, TMCA DR ZRITE 5L COD ATREMHEA
Sz, ZNVETT MY AF ¥R/ Tdhs ENaC ofy 73
Na'OZ R EL CURREDOEWAZH T HHENHES
TWER, EREOEWEZ /T 55 11%, Na', CI
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DOZ RIS THREIN TR o7, 7V g Na,
HElE Na 2D I BB/ 4 &b > Na thid, Foth

BORTARRINETT T/, EhOBEREFHMIZI W TH
IR DR R B R 52 52 ENHE I TRY,

DB LT =4 LR LI TND, T =4V 3R
@%ﬁéﬁzkbt Na HEMR T DA O A XDiEN
WZE- THR ORI N R, AP A XD RENED
IHHERDTFEEOND VI ERZFEITHND 20, T4,
Roebber Hid, MMl DIEMIZEAA L 22 BT DH0 1
DIFEL, ZO0F0NT = j’/xﬂ%%ﬁ’iﬁ)ﬁ“ét&bmﬁ
THHEWE L 2, LLRNRG, £ BRIy 1
DOWCIRATH T, BLIRZENZ LI, %mﬂ@%ﬁ)%%ﬂiﬂ’?
WADEEA A DFEANZ R T BN TD TMC4 BT
BWNL, BAA L DO FHAXIE-oTEALT D
(Fig. 4B) . 24U, TMC4 DA A D o3 F-HAXDRE
BRI DIVTH S TREE DS 24T = A 2 R %3
BALY 2 AIHEMEDNE 2 5D,

WHZRIE, TInTARNEZMEOBEWNIST T, LS
(EGHR B DHE RS2 75) & HS (R EE DI RS2 45) D 2 21T
Kplsinsg D, ZNETITY T A% HW RS AT
5 LS TIET7InTARESZMED BT NI AT 1L
THD ENaCofy 2ESN T D, HS TiE, 73Im7AK
FER MBI D IR NG A4 THD TRPVI D
RTS8 BLAR (TRPVIE) A A EfESILTWD 2, 7
ITARNITErOERZHIT, RO EL 52720, £
— %I, BWRAE R TEELO/N (AT, INTH, V—
Xfa?&) 1L, #9 1.0~5.0% (w/v) D NaCl 23 & F TW5,
L7e3o T, TInTARIEZ D HS B, ot
WS RIS THETHLATREMED U,

4. 3 hTMC4 N EBRDBREICR T HIEE

TR 23252 28I AL i, TMC4 241 L7= CIE ik
13K 40°CTHAML, TL= 2y b bEB L
TMC4 OIRFEREIT Qio = 1.48 THo7z, —fXITIRESR
B Quold, IRFEN 10°C L F-U7T=HE oD S FE DMfE 272
DOERIARECTHY, 4 AR D5 G VTR IR LR
NHDHEITEZDNT, Qo 7 ZB A5G IR
PENRBHDEE Z BB, ZDZENE TMCA DA BT IE
LS THEDZZE L LTZ0Y, B & /Il Eﬂﬁ“ﬁﬁfx
T sz M R e 72 3 RE 7z (Fig. 6) .

ZNETE DB REZ D b B £, ARIRIST
WREEIZNLL T ORE THS 22-37°CE=IT 27-
32°CTHHERESN TG 229, ZOHHELT, Hk
ZRICEDDHEEZ 5T ENaCaBy (Qio = 1.64) 1
IR TH DK 6°CIEMALL, TRPVL (Qio = 18.3) M3 i
43°CLL ECIEMHAL T 2720, ZOHICH T HIKIR THi
AN R EDLDTIERODEVIEE DS 29, TMC4A

3, K 40°CTRBIEMAL 2L D, 3 2D FDOHT

1T, BebRIRITEVRE Th D7D LA EIR S 2
16:7 E RV U NN AT RS A N STASR
5. SHRORFHE

AlEl, 7uTARF v RV E T D55 TMC4 DM
BROZFIZ D> TWDATREMED VRSN, 70T AR A
T w0 FIERID TOFR A THDY, A?&é% iz,
TMC4 D53 1-HITEE S, in vivo TOEIXEMEATL, |
W FED R SRR O BIRIEIC DV T, TMCA & V=%
(L DEFERIDOINEEIRITT 5T E Thd,

TMCA4 73, FEZ B T DR ORI A AR
TN — /L TR DIE DD DBGREE D DLEED 8D,
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No. 20D1, 21D1, 22D1

Role of Chloride Ion Salty Taste Response and Molecular Elucidation

Tomiko Asakura
Department of Applied Biological Chemistry, The University of Tokyo

Summary

Both sodium ion and chloride ion are required for the occurrence of salty taste, but the molecule that receive
chloride ion has not been clarified. In recent years, an excessive sodium intake may have an adverse effect on
health. Itisnecessary to elucidate the mechanism of salty taste perception in order to solve this problem. Saltiness
is preferred at low concentrations, whereas it is repelled at high concentration. In rodents, ENaCofy has been
reported as a molecule that responds to low concentrations of NaCl, but the molecule that responds to high
concentration of NaCl has not been clarified. Therefore, in this study, we tried to screen new molecules that
respond to salty taste, especially those involved in CI reception. Total RNA was extracted from taste buds
containing the circumvallate papilla and the surrounding epithelium. The mRNA expressed in each sample was
comprehensively analyzed using a next-generation sequencer. Based on the expression levels of known taste-
related molecules, 72 molecules were extracted as new taste receptor candidates.

From these results, we found the strong expression of transmembrane channel-like 4 (TMC4) in the
circumvallate and foliate papillae projected to the glossopharyngeal nerve, mediating a high-concentration of NaCl.
Electrophysiological analysis using HEK293T cells revealed that TMC4 was a voltage-dependent Cl channel and
the consequent currents were completely inhibited by NPPB, an anion channel blocker. TMC4 allowed permeation

of organic anions including gluconate, but their current amplitudes at positive potentials were less than that of Cl-.
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Bhp%ES  20D2,21D2, 22D2

B P BRI IS LD BRI E O ER B4 o5

RH FnE! % 91, R REST 2

U AATEAEEIRRE, 2 AR PR A TE R

B E AT, BT OHWERSESBERIEL, v ATB WA CREE IR FBINT 20 & EEtL, £
DA =ALEfFIT D22 AL T 5, REERITLHZRREITEEANL, HFEOREL, UK FHARLEL 508,
B A RER E 72 SN AE 2720, 150, 2RISR S E 2 BT 2 TREMER B 5, DB W AE
M EIE N 2R D 2 e 2R T D581 L2 V8, IR E D RIEICE ST FRITA 7L, 2R T 28\ E O
RO LITND, ABFFEIXR S OBV & W R B EEFREN S8 7 e Al et 2B R 50 D Th D,

FT, KB OBV &R IERMEICE &I 2 F1EE B JEL (Osada, etal. 2021: Biosci Biotechnol Biochem.
2021;85(12):2343-51.) , =D H iz Tl & b ORI /7 % — E DR E THERIIC D A BB OFH MR Z ML,
VY AD JIEBRIREAT Tz, BEOBWIEAERRL TIREIRIEZ AV T CSTBL/6] <7 AT L T/AKE 0.15 M NaCl
IKYEHR D 24 WE OFBEERZFHHI LA S IO A O E A 2B LT, 2 OfE%, 4177/ (Oregano) & OV DI
YERK 73 T D173 m— )L (Carvacrol) , FHISAZEE N, N—a JEMER 7o SIJEMEDNHY, FTHA LA/ OIEMEIE
BTz,

LLF, Oregano (Carvacrol) DBRE /L IEAERIZE B L, WSRO KM, MEMEZE, 2OV THFZE LT, Oregano
DENZLY~ T A B IKELF R OIK T ITERE I ZFF L STz, — 77 Carvacrol BIRODOSE, MEClIusEE/EH A2 75k
L72hy, HETIEEa 2T, o 24 REEO R BE O Ml 3R EARERITE Z 72203, MRS 2 T 2B EIX
WED T X7z, L7235 7T Oregano D0 I ZMEMERIARIZ R 2 2578 Carvacrol BUA CIIHE CIE0RTEMEAMENZ 705,
Oregano " DA DFEFE MR /> L DIR G BN RAEFEAEL TOD FTREME DS RIB S AL,

ZINDHDITE IR IEOHE R 5, Carvacrol 8 Lo TG MW E AL R A RITRL , BIETEE BEORD ZHEL
TNDEDAE AL T, MRET 27218, ZnSOs & BEIIEALTIR T REE £ 7 L~ AZAFRL, LR T Bl
oo MEFEE <D AT Organo DIFFEMERIMNTKIREL THRIGL, BHEIREZ A BT SEI22En D, BT RIZT
TR BN DA = A LG O TFHIRZEIC R 5L CODATREMEDS RIRS LT, 41, DRI 43K )Y Carvacrol &
I 207 % HDNI L, Oregano DI R 53 DI AR EES D AT = X LZfRIFIL TOKLEE D B2,

Bet21C, SRR b0 k% VT, Oregano %853 3 43 DR AR % w1 D AN AEIR I C RT3 A R o T, T ORE
2, Oregano 838 B 53 3R Sy B HROD WA Tdo 553 S SR IRIZIEAARET (VST) % B Ze &b 1A BRI 22 L3 i ST,
ZNDHORERIE, Oregano DFEFERR 3 DR FNDZ FEZERLL, VST ~OES OBEAK FEFHFEL THAHIEERIEBLT
WD,

1. Fif THRBEHFETHD, BHITH T LD ISR AN

BEITMEFICRLEEENDIBME THY, B  T—NEET, SARDLOEEUTKIFL CTRY, Ttk
HEBEIEDOE, MINAOBMNZEORREFEEN DBV UIMERGREIARIEL 2280320, DA
DI, SRRy DI L7 & O & PR RE I E B 5 SFRAT O CITREOMFEHEBUIM AR, O i R
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B, mILE, BRA, HEVIHELERE O Rl DR
PSR B O JE K & 725 (Cutler et al. 1997, Strazzullo et al.
2009) , Z D7z, AXVADEFEEND R - e iE
$1Z B2 (COMA) JTIIRAA 1 BOREEIIEL 6 g,
SRR RS (WHO) D) S TIEFRILL Sg & TWD
bbb T, Z<DOT7 VT -3—uy/SOE % Tl
12 g/day LA O EHE I TV (Strazzullo et al. 2009)
BHEOBEGREINBETH 7 a— VL DRA e 4%
FHREETHD,

WK T EEEIRO T5%RE I TELHDLNO L
AT DREIZHKTHEE DI TS (He et al. 2010,
Mattes and Donnelly 1991), £ &t 35 ClIBHEZ A 725
0, ZLOLGEMM TR HOFTFESL I T E+H 5 (Breslin and
Beauchamp 1997) ., £ Ok & #ERF L7 £ WIEA1T97-
DIZKCHUZ LD O H (Sinopoli and Lawless 2012),
7 NEIET N LD A (Rotola-Pukkila et al. 2015),
BIEORRLO RESRWRE MO LR, AT A7
EDASA AN LD HEMANH] (Osada et al. 1997), AET
M=V R O T VX = SR (Xu et al. 2019) ZE<DH»
DRRPIRIBEINTND,

BT T 2 KR (BN ClTB L% 400 F¥E, ~v
AT 1000 FEHLL B ISR B L, A EM AT ASE,
ZOBWPR K== —ar ThHAEIIRBMEE BN
%o BNMEBIIMO KR L Z R0, HWEETHHR E
Be, Bk, SR TS, S22 AT LI IS RN
TEZHE T2, RFIIE®), ARREITINZ R T AL
B HAMIRBERR I SR AT A U AR BT E B E
M3 2720, ERRZRBHR R IRF TED, LNLRn
O, BHEOFK LBV EILIFEA L TRIES L TR,

B L AR OB BRI IE R E SN T\ 5,
B2, AV DFVRLT A9 DFY (Batenburg and
Velden 2011) 72 & 3e MO BRTREE 2 0D, HEHUEE 25%
FREK TSELVOMERHD, —J7, F—XDAKD
BTV RN SRR C IR 43 0 RS A I 1 VR RR
EEITHY, DOOEITL > ThE BITFR R, HE OTEME
B3 D RE 72 E iR 3 REB AN FEE TV D, Biilt,
Onuma HITHKDIRIZKRT T2 MSG HDEE MO
D EBE B RERTAM LT ARSI AT WV I3 YA A= 55T %
1TV, EHOBWNIHEKD BREGELIEA EIZED,

ATEAFR ZH 2L DIMLE B O FHA2HAEL, EhoBwWI
J 5 PR R O AT RE MR 2 AR L~ L O FEA R TR LT
(Onuma et al. 2018), — 5, Malik 5i%, A&~ AD K
Rl 2R 52 AR & DRB N AR E R AR T D2 L
ZEXIEHTEY, PO AH2GT O PEN TOBREE WO
TR ASH D FTREME 2R L CU VD (Malik et al. 2019) ,

AMFIETITET, FEHRBEIGR R B OB VRS I
FHRL, AV, FAEAREM, N—aJ Rl 0
BUWNZOWTHIEO T TATF w7 v —L &R ALIZEWN
AR R OV R IR i AV T CSTBL/6) < AIZK 9
%7Kk& 0.15 M NaCl /KIETE D 24 B OB R 2 5L
BORMTIZBOE S O T N o MBI EE 2 s
L7z, FCHA LA /OB ORI RS A B AKED E N
TR AERIHEERZ R L7720 T, LI TR
B U TEMATENC RT3 3R M7 R i & A 2 Ek 43 D[]
ENZOWTHRFTL ZOBHEAE 27 L 72, SHITA LVl
J DB WD EEHANHNE I OAE AT =X DN THIK
ORI~V THRFIL, ZOAREITAELRE a0 8
MBHHKT=, DL FICZONEERET D,
2. EBAE
2.1 FLA/FEBERERSOTOT—ILEEHT

HLIRA VT ) DB WERERL T DI MER &~y R A
A — R [E -~ A 7 e %[ HS-SPME (DVB/CAR/PDMS,
Stableflex, 57348-U, Supelco PA, USA) ] X T8 GC-MS
(Parvum2 system, Shimadzu, Japan) C/#TL 7=,

HAZa~< b7 Z7121% Restek Stabilwax Column
(30 m x 0.32 um x 0.5 um;Restek, PA, USA) #4517,

L=/ (1.0 mg) & milliQ 7k 10 ml & &
L, 10 uL % 4 ml amber vial (Z{FE AL, 38°CT 30 47fH]
HS-SPME (R AR —Z[EHH~ A 7 affittiis) 2 T
HRVER Sy DT a7 4 — T 24T T2 (R 1),
2. 2 IRERTEIER

HEDBNIEAEZSE VT CSTBL/6] ~ T AIZH 5
K& 0.15 M NaCl /KIS D 24 B OB EERZ iR
TEICEOFHIIL, A5 BV SY 2F RU D A R R
N B R DB AT LT, BWIEAESRIRIERE 35 mm O
TIAF I — L DIEHEIZEL 4 mm ONERHITL
DEVERLTZ (F 1),
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R 1AV H IR Sy Do i 5

Peaki [{b-&403 A | —2mis R — S| SEM
1 [Silanal, timethyl— 5.2 1467216 5.41 406
2 [1-Butancl 9.1 58015 025 0.06
3 [Ethanol, 2—ethoxy— 106 50799 027 010
4 [Cyclohexasiloxane, dodecamethyl— 114 547061 2.39 0.4
5  Propancicacid, 3—hydroxy—, hydrazide 122 99683 004 003
6 |Aceticacid, hydrazide 125 15643 007 006
7 |1, 3-Dioxolane, 2—hepty— 128 8922 004 003
8  |Aceticacid 143 213688 093 045
9 |Linalool 154 465894 204 040
10 [Ethanol, 2—{2—methoxysthoxy)— 160 143978 063 045
11 [Ethanol, 2—(2—ethoxyathosey)— 164 347786 152 0.46
12 [Butanocicacid 165 44522 019 005
13 |Butvrolactone 16.8 BRY30 024 010
14 2.44-trimethylhexane 173 51701 027 0.07
15 | —terpinecl 174 35793 016 014
16 [Borneol 175 211991 093 065
17 |Pentancicacid 178 03466 0.23 013
18 [Carvone 179 43777 0.21 003
19 [Formamide, N,N-dibutyl— 183 59020 0.30 0.17
20 [Ethanol, 2—(2—butoxyethoxy)— 185 26730 .38 0.40
21 |Hexanoicacid 190 373305 163 174
22 2.2,4-TrimethvH1 3—pentanediol disobutyrate 193 1389516 5.07 465
23 [2-Butanal, 3,3 —oxvhis— 195 57363 025 015
24 2—-tetrahvdroxyfuran 196 490992 214 094
25 [ 6CBis0 1—dm2thyethd)—4—1 —oxopropyllphenol 198 69057 030 004
26 |Ethanol, 2,2’ —oxybis— 204 516841 226 068
27 Octanocic Acid 211 46091 020 017
28 |Monanoicacid 218 221548 097 075
29 [Thymor 219 238736 1.04 020
30 [Carvacrol 221 15168793 6622 5.49
31 |Benzoicacid 235 323344 1.4 1.46

I : carvacrol # W ACHE A ALHJEANR ™ -

Tl v—L

Sv—L

X 1:GFRAELSOME

BWIAELIRI D —R AR — N —T O L&/
DAGAEDUEN TR E L T2 (B 2) , —EWREDA LT /R
ZREATE A AR AT VT I ZBRER U st D 5k R 37280
(A VA DRI A G D R OB & DG %
1Tolc, AV /O®RITENEN 1.0g TOBEWIAELRIC
AL, X=X —=T g H =T RO FEHNE,

Bt FILHTEE
Ehi>+—L

BRO N - 728G

Bk /s X

X 2: RIEFERE LBV ORI A

HS-SPME # AW TR OB WHEIRELZHIEL, 7
— U ND 24 FEEI OB NALSF DI EE DR EZ FER LT,
FVH /D —NDOB NI IA VT RO T2
MRSy O —FETd% Carvacrol Z L HEL L TEW VR AESR
A 3 D 24 FEEECRIEL 72, fROKERME I
Carvacrol 5T 3~4 pmol/mL (air) DBV VI3 53 24 IKF
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RESNDRIFEAERL, BHEKEREDOZLARIE
L7z,

T RTCOEY) EBRITSPFEREL N TI1T o7, EBREWY
[ZC57BL/6I~ U A (M) 3VE1 7 v —T7 (127 v —T),
CS7BL/6J~ 7 A (M) 3VE1 7 v —7 (107 Vv—7), &7
66/L% v 7= (CLEA Japan, Inc., Tokyo, Japan), "YU %
—RF—F7r— (24 cm X 16.5 cm X 12 cm) (Zbedding
EHE, ANV —T B OEFEH L, =YX
~ 7 A[E JE AR EHCL-2 (CLEA Japan, 30 kGyFR &) 21k
ML7,

A FE IR BA AA BT 0 el 400 1) A 1 PRV R BE R L AL
T 7 DENE HRIBIREROBRE NIk, £
e, R IR (R 8Kvs 0.15 M NaCIKEEHE ; W
AUHIR A 5 7) B R B (Odorant) &) W IEHR R
DEEEE (Control) TENZE N 24K FEhE L7, SHIZH
ik sy £ % HivdCarvacrol & HVNT0.3~1.0 uLO#g
FH TRV A AR~ D IR 7% 28 b S KB B iR
FORBEARFMEAIE LT, 22 o FERIE208 2L
DAL= NNV BT TAT 2T,

2.3 REBEIIADER

Carvacrol Z|ZUHETBA VA OBIMER I
ZEDE )T IRUPEENTEY, ZNHD RSy IS
e SRR T 23R ELWVE VRS Th D, FER
Carvacrol (& 1#30), LUFMZH borneol (#16), phenol-2-
methyl-5-(1-methylethyl) ; Thymol ( # 29) 72 L4 L4 & %
Bte, TITALH  ORENERL S OIR T3 2B
AWM T DO I TR F SR AL BRI Z LA R £
L= Z%AEH L (Yamamoto et al. 2013), A L4 /D
TERZHER T DB R, AV TNT(T7AY —) T
e AR GEN 5%) LTz~ D RO RN, Y va—F 7
F 7 — 10 ul (Molecular BioProducts inc.) % 1 \» T
5% ZnSO0s + 0.1%7 L ARF L AF Ll n— ARG IR
FEAT B IZENIT 5 ul il F L7z, T R 10 R ~T

ZIMEMIOFEFEL, MREFEEET L~ AEERR LT,
B H, 5% ZnSOHLH~ 7 AKX T, MR OEREN R
TERD KDL TODD AR T D728, 18 Okl —
TV NE—THES TR ERR ] = CEREBEER ATV,
LT RE 2 R TA L 7=,
2.4 FLA/DEVERZEDIIRDRERK
[Z&11% Fos B 14EHREEE E O BIE

C57BL/6] 52D~ A% A RV T RS LA L
7o KITEF ORI TH 2, ALH/ 1.0 g Z~TAIC
24 BERRR LT, AL T D WE 24 BT R D~
U REA VT IR, BWFEAERR O B R LT Bt IR
BEEL, 1HEMIICAY 7 VT TRARRIEL 72 GEA 5%,
HERF 3%) , TDTR, 4%/ 3T 7 4V LT VT BRI REE
R TR L, ~T AD MR I 72, BRELL 72 Ji%
1%, 4%/ 3T 7 4V LT VT ERY IR A S ml A
T AT m— LRSI 20 BERENR K LT, Bk, 4%/%7
TAIVLT VTR AR E R A RO, YRR TR
% (PBS) TUevL, 30%A7 12—/ TR EiK 5ml C
MIERE %, ~ T ADO KO R EE] /(100 pm) 2
T IR —=LTHERLL, 43 SRR EZJE 1D S8 D UV T Fos
Bos 1 A e 0D 3 A 285 A I TE LT
3. &R
3.1 ALA/DITEVEA L AHBEENROFER

FVIT7 1.0 g % 24 RE[EIFE R L C SRR IEER (1Y
7K vs 0.15 M NaCl 7/K¥EHR) M~ 7 A2k L CHEIEL 7 &
25, BEKOBEE R CBEEENABIK T L
(P<0.02; Wilcoxon test) (K] 3a), — 5, /KOEREITH
BEIZEINL, $EiKEITELL 720 -7 (K 3b).,

ZORERIZ, AV DB G O I T KB A
PHIL, RAERIKOBERESY EHSH, RREZREF
T DRI IS EA SIS ATREMED RIB ST,
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60 * ; P=0.011 ; Wilcoxan test

NaCl ¥ g 47 2 (96)
5 B 8 8
8

o
o

ISIRYA ISRy L) s 1023 45 85 7 8 910
% * ; P=0.020 ; Wilcoxon test
= 20
£ 15
™ 15
B 10
B 10
g =L || || | Il
o
3o

Lzl LY 12 3 4 5 6 7 8 9 10

X 3a: v~V ADEHKEIHRIETAV AT/ DFE

3.2 ALA/DEHRMERS DA TEEEEER D
EE

HVIT IRy DAL F T T R R o Temy DAL
W& ATEFIEAL, ZAENIRIEEL T 4 BlosHrT
—ZabLITITUTC, EORER, 180 FREILL Loof#¥E M
feenmitsinic, €056, GC-MS DTA7 TV —T
HEOHEENFTRE THY, L7z N THOH 7
HBLTRONE 31 FEOLAMICHOWTERL, &
DHH Carvacrol IZEIRDK) 66%% 1585 FER T ThD
ZENGINoT= (R 1), £z Carvacrol KD EFD | IA LA
JDOREBEO —DLEZLND, ZTNHDILELD,
Carvacrol 234 LA/ OAFEMEM S D 1 D THDHEDR
itz LU F DINTHREEL 72, £, W RO R S
1.0 g DAV ) ZARR LTS CORAAS Carvacrol i
%, SPME Z T, AW 3 /305 24 I
Iz EL T,

ZORER, VA 1.0g D —TNOB WA ITAR K
BT Tl Carvacrol #255 C 3~4 pmol/mL (air) TH-7=,

ZOREIX, BEMZFITS Carvacrol O EIEOHA-15
THY, ~TADMFEIZS+EH T 2R HEE ST,
ZOKAHF Carvacrol S AR CE LB R EA IR
STL7ZfE R, 1.0 uL @ Carvacrol NI ESNAH S TIFIE
K TEDZENIALNT 2572 (ANOVA with Bonferroni
post hock test) (X 4),

25 * ; P=0.016 ; Wilcoxon test

'_-2[3
7 20
g]ﬁ
E
E., * 15
-
10
%g
™~ 5
S
0 0
UVEL gy 1 2 3 4 5 6 7 8 9 10
20 25 P=0.552 ; Wilcoxon test
15
=
En
L}
¥ s
=
2 4
0
oL o[araL) 1 2 3 4 5 6 7 8 9 10

X 3b:~ 7 ADHEIKEIZ LT TALH ) D

04 ¢

=
ad
£
° 03
E a
—
&l

02 :
E : OAfter 3 min.
9 .
§ mAfter 24 hrs.
S 01} :
o :
&
2 2 l_.;_.I .
K oo -

oreganol.0g carvacrol 1.0l carvacrol 0.3l carvacrol 0.1l

p<0.05 ; between different alphabets.
ANOVA with Bonferroni post hoc test.

[X| 4: Carvacrol D& i E D LLig (n = 3-5)

LUF, ZO5AET Carvacrol O FeaHIE L7z,

i~ AIZ%9% 1.0 uL @ Carvacrol HAlLZ&ZFE T 1.0 g
AV T LRRRIEIR TR EAT T2 2H, AL T /L[R5
DN REDBHEZESI (P =0.012; Wilcoxon test, 2L FFEIL),
Carvacrol AL /RO EEILTEMRR 7 D—D>THhHT
EMRBABDNT Ao (B 5 BB ) £ D5, fiKDE
B 3 ARA A IS N L, K EIZEN 2h o7
(P=0.547) (B 5 EBAN) . ZOBANIA VA /LAt
Th o7z, Carvacrol OJRFEIRTFIEEMRFILIZAE R, M~
7 AIZENT Carvacrol DRI EZ 0.3 pL (K FEET
BRI LN (P=0.018), 0.1 upL T~ ADH
KEEIGEER IR TL, ZIRITAN R T
(P=0.263) (K7 LBA)
3. 3 T I RIZXT HA LA/ KU Carvacrol D

HEEERADT

LA/ 1.0 g % 24 Wi R L T MBI (R
7K vs0.15 M NaCl K¥aH) & 92t L 7= Rz X 6 1R,
& 6 13 LasMED T —%, FslEDT —2Z2RLTD, b
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HKWELFF (%), BIE/KBEUE (mL/day) ,

FiAKHEK & (mL/day) &3 HERUR (%) 2K T, v VAOR
K OB LK OB LRI A BICIK T L
(=24 P=0.011, P=0.020, HEZZ41 P =0.006,
P =0.011;Wilcoxon test LA FIAER) (K 6), —Fffikd
FEREITAZICHINL (P =0.016, HEP=0.042), #5&i
KEFEN LU e >7- (& 6), ZORERIE, AL/ DE
VS O IR R KB I E AL, RERIIZKD
BHEE BASE, (KK EE RO ETicE
BV N EENTNDIEERLTEY, Itz
(RN RAE RIS D EE TR L CWND, — 7, AL/
DBNE FNDMEHRIEMERL Sy T D Carvacrol (FfE~7 2

TELEND

P=0.012 P=0.011

o

5

T R B (mU/day)

(n=9)

IR EF R (%)
8 & g g
L=

Odorless  Carvacrol

P=0.055

L

=)
!
3@
7K R 5T IR (%)
¥ & g8 B
i Iliégi :E
Tk BERdE (mUday)

o
Odorless  Carvacrol

X 5: <7 AD Na'M&ifFiEl

P=0.011 P=0,020
820 16 I—}
3?90 rgs
512
@ E -
) %
n=10 o r | = @ 4
( ) = o
0 0

Odorless Oregano
pP=

=
o

-
3

@

(n=12)

ik AR (mL/day)

T KR ST 5 (%)
° 3 & 8

Odorless Oregano

X 6:~7AD Na'Wg4f|

=

Odorless Carvacrol

B

Odorless Carvacrol

Odorless Oregano

Od'orless Qregano

ST HAVA ) | g DR

VR TR OBEIETE A R U= (R 5 BB, M~
AN B EPIE LI IB AP R E A BN H DL DD,
EIE TIFA R ZD7e< (P =0.055), Carvacrol HL{f|Z
KT DR TR ME [ 3 D Z e RIEE - (I’ 5
BY), WIZ Carvacrol D0 R DY PR FIEA TR
DIDIZB W AEZBRNOIRST E4 1.0~0.1 uL O TE
fb&H, VAR LIZEZA, AIETHLIBALZLOIC
HMETIE 0.3 uL THIEMEAHERFL, 0.1 uL T aﬁ%mﬁ
KUK 7 BB, —HHETIE, 03 uL TIX3ClzzhiR
ML T- (B 7 TEBY) . ZOifE JUE Carvacrol 23
FERAFHNTN A I CNDZEa R T HEEh T4
HYEVEOHEEE DA EZ R T H D THD,

P=0.019 P=0.547
16 25
= =
% 12 %‘ or
E E 5
o ] =,
= B 5 ]
L B
% 4 =
2 @ s

o
o

Odorless  Carvacrol

Odorless Carvacrol

BEmE (mUday)

#ok R (mliday)
@ : \ :E

Odorless Carvacrol

Odorless  Carvacrol

Z%f9% Carvacrol 1 L D522

P=0.016

s o

20 —

15

10

BRI (mLU/day)
o IS @ o -
W CF ’ :|
SHERE (mUday)
|

Odorless Oregano

s T

Odorless Oregano

P=0.042

b &

HK R (mUday)
it (mUday)

Odorless Oregano Odorless Oregano



Female

-
(=]

100

@
E=

=
=

& 50 S
é 50 §
@ 10 ‘S
& a
+ 20 +
o o
< 10 z
o
Odorless Carvacrol
Male i
100 P=0.028
£ s
i e
g 3
c c
o 60 4
& &
¥ a0 4
=% a
n ]
z 20 z

Control Carvacrnll OuL

] 7:NaCl B8 #f-2:|Z K19~ Carvacrol D K 1FH) 22

3. 4 REEETIXRIZHRT S Carvacrol DFIRIZDINT

5% ZnSO/KIANR T R AR IC 31T B = R R L5
OFERAER 8 1" T, SENIZ 5 ul 972 5% ZnSOw /KA
W CHEREATHIZE T, BHARL Y CHDOICE T HREMI
A EITHINUT-, REFEE~D AT 24 LT /DR
Z 9 1R T, MREREEET L~ AO AT AKETIE &
OB AKE I RITIKREL CHBERIE F2RLTE
(P =0.002; Wilcoxon test) , 3725, IR _EFIZ—1MED
WL o T AL A it L, MEALERAE L [RIAR O ) 53 L5
, BRI SN AT LD RS LT,

P=0.001*

]

[y
[
o

|
l

=
(=}
o

-]
(=3

)]
=]

a0

THERRERE (B

20

ZnSO4RLIEH:

] 8 : WL T e 75 ~ o7 A 0D = YRR IFH] O SE

-
-4

Na* preference (%)

ol 0.3pL Wilcoxon test

3.5 ALA/DEWH S RERED Fos (SRR
BEIZERHEEITDONT

FUH ) RGBEOK T, 1| RREREL-~T 2D MK
FARRED & AERCL, 3 SRR EZ M4 7 56 (STLP) , 47
SR AESMANES R (STLD) , 43 4R AR A RE AR S0 356
(STLV), 43 SR GIREZRERIRAERES (STMV) , £543 SiGoIR
B% (PS), 73 RGEEZ (STMA) , 1RLKR T #6%% (Shy) %
TR A TIETYAL, Fos FPERIRE B4
L7z, = DHAIR 720k AG (HE~ T R) LMERE~ T 2Dk
HIALOD Fos BHPERIRNE O REZR 10 X OK 11 1R
I, T ATV 1.0g & 24 FERHROR LR,
STLV KT STMV D Zx(Z Fos I EE s 13 7,
B, AL OENNDS Na FHETHARIZFFERANE- 5
ZEDBRALIN e o Tz, M~ T AT VT, STLV KT
STMV b i BB L CD8, btz STLP &
STMA C Fos B PHEflIas OB Bbi, e~ AL0
0 LRI DM O MIAZ 332 BOSHEA E N &
REENZ (X 11),
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P=0.020 P=0475
14 80
12 70
B 7
2 o 50
Es —_— #
L] a0
=4 =
= B =
3 o
= @np |7
L] 10
o o

control oregano control oregano i

WHEET DA |

5 %ZnS0O AL
P=0.002 P=0.004
14 80
12 70
= -]
gw g 3
Es g
L] 40
E6 |
™ ¥ 30
¥4 =
= & 20
& 2 10
0 0

X 9: ML R R~ A0 Na WU PEIT 624 LA/ 1 g DR

Control &

Oregano EFEEE

X 10: 4L 77 7 5% 24 RE#% O~ A0 SR EATIE D Fos Bt o HHEL

control oregano control oregano

@

160

140 |

)

#H 80

oS

60

o
w

40

120

100

STLP STLD STLV STMV PS STMA Shy

@ Control
mOregano

®)

t-test (* ; p<0.05, ** ; p<0.01).

STL’F; STLD STLV STMV PS STMA Shy

160

140

120

100

80

60

40

X 11: SRR A FHE IS LD~ T RN O Fos [ PERIIa s B OHIE
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4. ERRUVSHEDFE
4.1 ALA/ DGV EFOEEIERAORRL
EERS DRE

KWFFEDFER, LT DN E~ 7 ADHL KR
BATEN 2 A BEIC D IR T S22 03BN
Teote, AV 1.0 g FER LTz SE5R CIRE /K OB EED
ARERETARALN, ZOERTIZAVH I BROFE
SO R BEPERR T D101, #BR~T AL FRNCA L
T DB NEERL TS, Lo LR B HE KB B O AL
HEIIR 2 12T TODBDTALH /OB EHE BT Y
DN S DB DL L TWD ATREME IRV,
WZHNDOT, AL DBWE~ T A BHK O
EH BB EE T, ZOZ8ITA LT RO RIEKER
IHIE L AESE - KRR E RN B ENDT a2 R
LTW5(E3),

BHK O EREDOAR TS, #K OB BRI IA =
WL, AR REBERIZIZ AN e oTe, ZOZliTA
VAT DB O, RIREDOEF AR DD, B
KOBRBEBLFFRANAR TSI ELIEEZERL TWD,
AFEBTHVZ 0.15 M NaClVAIRIZ A PR AR IR EE LS
W<, BEH O IREDN 1% THHZEEEZHE,
ANDEFEIZBWTHLERBHAORE TH D
(https://www.marukome.co.jp/customer/faq/detail/062/) ,

L7230 TR RS RATA L OB WE 5452k
IZED, NOBAIFIZE W THZDORIE N RN I
DA REMEZ RIE T 50 D ThD,

AV IT 7 DI oy AT O RS B, FE AL
Carvacrol THY, FHIEMERIT D 60%% HOT- (R 1),
ZPZELXY Carvacrol NEERIEMER Y ThHDHEDIFL
DIRRED T2, LT DFEEREAT o7, BN R R
NTeALVTT 7 1.0 g RREFOEKERD Carvacrol i &[]
HEDOKFHIRE A HE 9% Carvacrol HLAKRD B FEAEZRN A~
DA EIT 1.0puL Thotzlzd, TOEME T AT
Carvacrol %ML CRIEKDEG LR ~RT=L25, T
@BV A VT ERBRD RPN RAONTZ (R’ 7 ), ZOfk
BAIA VA 7R OFZNRST DY Carvacrol THHI EAFEH
LTV, R 1.0 ulL TOXAEH Carvacrol R,
LoD Nb DD, 20tk EHL, ALH/ 10g %
PR U7 LI RIARZ SR i 2 [3 pmol/ml (air) 112
15 (X 5), —J7 Carvacrol DIRFTENME 15, &

FERIR BN T L, A IR R AFRITIK T LT,
A RIOFHHTIL Carvacrol 0.1 pL #E Tl 3 431%, 24 HFR
#%EBIZ 1 pmol/ml (air) IZEELIH T, ZOPREE TIXHH
NERRSNIRNZ Ny oTz, ALH I DENNHFETE
I o EEAE R O FET=DIENME RSy D—D1, Carvacrol T
BV, T OVERITIRERFRNCHEISNDTENHLNNT
otz

Carvacrol 3% HEEUZEDZ > MO FTFHRTE-CHEH 12
BILOERr=0 KON — IR EOHEICE S35
ZENHIHILTEY (Zotti et al. 2013), FEE/EH =
ICB G A e SN TND, —TF, /T AR
[GEEWVE LT AP = 2 —a OTEME I A Bk
TERDHLZLDHBITS (Reis et al. 1994) , ZDZL
1IRE OB EL 7= Carvacrol 23E /T RO =2—n
YENLUTREEIEZHEL TWDHILERRL TV,
AR, BMEE N~ Carvacrol 5 G-\ AR BUMHI/EH 23
HLHZENHEZIT (Polli et al. 2019) , LALRAD,
Carvacrol Z#% M EECCIME N 572 EEERNICE
528724, & D Carvacrol DOWLRHIILD H CTHE
72 R AR NI E 2 4 9 5 Z LI TR TR 91D TD
WS THD,

AR D FERTIE, RIL~7 A7 L —7% W TL1.0 uL
Carvacrol=0.1 uL Carvacrol=0.3 pL Carvacrol ] DJIR CTXA
PIL7=B\ORRSr % 3 [ R LT, ZORER, 3 [ HIZfT-
72 0.1 pL M FEBR TR NBIZEAE RN oTz,
ZDZ &I Carvacrol ORRPERIFMEZRUTCHE RLfifsh
208, BITHR T DNEIGS AN L & 7o T REMED HEL T &R0,
LL7RING, Z0D#%1Tio417- 0.3 uL Carvacrol DIFEERT
&, BHEKENRIER A SeELT-2 L, & F25REREE 2
LA BB 722 & KONAISIZ R ATE AR T L1338 2 12,

L7~L Carvacrol DZROAGENEDHETRITA % DS
Thbd, EHITHE-T AT % Carvacrol OREIZIST
LB OWTHIRET T 5 T E ThDH,

4.2 TOMOBEEFEVHEI DT IRBIEREIFIC
BEZ58EITDNT

ORI TR EL TR —ay, AL,
FEhE, FEEELCLE AV, ERREFERROFIES
T, HS-SPME {EIZ £ DB RSy O & F i L,
GC-MS 73t EBR LEITEVER OM A HEITL0IE
PEME A BRR LT,

-29 -



ERDZ L, BV RSy O A ETE A E R CHNE TS
720, AL /DO EBRTHW -8 r — NI —EDR
FRR P % R REE e L TR TR AERR B
B AT DEFIHLRERICATEY ER 21T 7=, Bi4178)
FEBRIT C5TBL/6) ~ 7 A%, NaCl KIEK (0.15 M) &
KERIRHZ -2, BRI ER AT /2072 (24 IEH)

I A R e A A L, BVIE AR
PIZBAERRZFRAL, & 1 mL 3 DiEc L Az E8 7,

N—arOEER L, B ARRFREBIN T2 —Tx
— BRI A T DIEE LA 152 25 om DOAHRAGIZ
4 R ESY, ZOFEEFEHA L, TORR, AL
J LIS CH FALA F 388 OB\ A K S B S
WIHDHZENFERS AL, — 5 RS BB M ZI3E A R
IRV ENHSN T2~ (K 12), FLAR SO
ZhARITME~ 7 AR U TR EO DS, BEIZKRT T DIERA AR
HHETHY, BERRI T 2P RS, #ERE
FTHICLROBHDIAVH ) Lid R R o7
(T —2FFEE),

R—ar OEE R AR R UGS, REKOBRET
HRBIAKTFLED, — AL A CRLNIZEH K DE
IED EAIFALNT, MEITKEITEEKOERED
IR FICHEME R L2 (K 13), ZORERIT, BHKOREHL
FAEIAE DAL T /R FAA BB & B e S TS FTRE
PERIEL TN,

L L x100)

100 frmmmmmmmm e s B e e e e e

Na*FEZF D 2
PBLSBY SNa R

Na*Ph#F
o

Carvacrol 1 ul

P=0.559 P=0.008 P=0.002 P=0.785 P=0.087

@ L ORTEINE S

One sample t-test P=0.002
(100%; null hypothesis)

X 12 : 5BV AT I LD B K RE AT SR o> L igs ()

S K B AR (ml/day)

P=0.046

#2 & (ml/day)

P=0.0016

]
KB ER B (mi/day)
P=0.448

auiL

guHY

L ansY

X 13: X—ar OB WTREKDOERE LD S0
IKOEBER R F RS0

4.3 AL H /R Carvacrol DERKITENIZ R IFT 52L&
L O RIZHKT B1EH

AWFIEDFERE, AV T DB NI~ AOMEREIZ B 5
T, HKEBEUTEN A A BIK T2 ENHLNIT -
Teo AVTF17 1.0 g R LT ER TR OB REDHE
IR FEMKDOEBREOF B EAR AL, Kk &%
HERF 9 DB 5L QDT EAEIC B W CH T2 I HE
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Summary

Sodium chloride (Salt) is the most abundant mineral salt in the extracellular fluid. ~Salt is a very important
nutrient to form electrolyte osmotic pressure, a voltage between the cell membrane and action potential, and help
the cotransport of nutrients. High dietary NaCl intake is a significant risk factor for hypertension and thus a global
public health challenge.

As salt reduction has been an important issue, several approaches to salt reduction in food were described.
One of the most intriguing approaches of salt reduction is by odor stimuli emitting from salty food and /or spice
employing with salty food. But within the scent of food what is the active volatile(s) which is predisposed to reduce
the salt appetite by means of controlling central nerve system? What is the detail mechanism of them to control
the salt appetite? It is the ultimate purpose of the experiments described here to address these queries.

We developed an easy and accurate method to quantify the gaseous concentration of volatiles with the HS-
PSME system (Osada, et, al. 2021, Biosci Biotechnol Biochem, 85,12, 2343-2351). We developed an
evaluation system of two-bottle choice controlling gaseous concentration by the novel SPME system, then conducted
the preference test described below. In short, in conjunction with the custom-made odor generator, two-bottle
choice apparatus, and volatile chemicals detecting system, we conducted the preference test between the 0.15 M
NaCl solution and the pure water to C57BL/6J (three mice per one cage) presence and absence of around 3 p mol
/ml in an air of gaseous carvacrol for 24 hours. As a result, we indicated that in addition to the oregano and
carvacrol, the soy-source and bacon smoking odor decreased the preference for saline.

Next, we focus on the significant activity of the oregano (carvacrol), then concentrate on the dose dependence
effect of these odors on the control effect to adequate salt intake and variation of effect of the odors between male
and female were explored. As aresult, 1) the preference for the saline was diminished by the oregano odor in both
the male and female mice. On the other hand, when carvacrol alone confronted the male mice, the preference for
the saline was significantly decreased but weaker than in the female. Although similar in appearance the effect of
the oregano odor on both the male and female mice, but not carvacrol, suggesting that this present result suggested
that male mice need other odor components contained in the oregano odor. 2) From the results of the behavioral
study, we hypothesized that the volatile active chemical (including carvacrol) stimulates the olfactory system, then
induces the reduction of salt consumption. We prepared anosmia model mice with ZnSOj4 injection into the nasal
cavity to ensure the hypothesis. Surprisingly, anosmia mice were still sensitive to the oregano odor and
significantly reduced their salt consumption, suggesting that there may be another mechanism from the olfactory

system to transfer the information reducing salt appetite. Future work will seek to identify what kind of receptor
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detect carvacrol and to clarify the transduction mechanism of oregano volatiles to the brain. 3) Finally, using the
immunohistochemical method, we explore the effects of the oregano volatiles on the brain area, bed nucleus stria
terminalis, which control the salt appetite. ~As a result, both the male and female were significantly stimulated with
ventral parts of the stria terminalis (VST), which is the center of salt consumption, by oregano volatiles.

These results indicate that oregano volatile stimulated unidentified receptors inducing decreased salt appetite-

stimulating to the VST.
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The Cognitive Mechanisms and Application of the Salt-Enhancement Effect
Applied to the Low Sodium Foods

Nobuyuki Sakai' 2, Takuya Onuma®

! Department of Psychology, Tohoku University
2 Advanced Institute for Yotta Informatics, Tohoku University

3 Faculty of Humanity-Oriented Science and Engineering, Kindai University

Summary

This study aimed to promote acceptance of low-salt foods in Japanese people. For this aim, two surveys and
three experiment are introduced here.

1. A survey about knowledge of, attitude to, and behavior for low-salt foods in Japanese participants. The
results showed that Japanese participants have enough knowledge about low-salt foods, and a positive attitude to
them. However, the participants did not show a tendency to choose them in their daily lives. Those results were
compared with those of Chinese university students and with Australian young people, and showed unique attitude
to salt-reducing in Japanese university students.

2. A survey about color images of low-salt foods. The Japanese participants showed association between blue
colors (steel blue, cadet blue, medium turquoise and so on) with salt taste, but green colors (medium seagreen,
medium aquamarine, green yellow and so on) with low sodium foods. The contradiction of knowledge and attitude
for low-salt foods with behavior for purchasing them can be explained by the results.

3. An experiment about comparing of brain responses evoked by low-salt foods with those by normal foods.
In this experiment, participants asked to ingest low-salt soup or normal soup, and to evaluate their salt intensity.
The results showed that the participants can discriminate low-salt foods from normal foods even in blinded condition.
The analysis of the brain data has been continuing.

4. An experiment aimed to find the best flavor that enhances salt taste was executed. In this experiment, the
participants tasted and evaluated several low-salt soups, each of those was added a flavor. The result showed that
some flavors, such as sardine, bacon, cheese, showed salt enhancement, but the enhancement was not statistically
significant. We are still finding some flavors that enhance salt taste and palatability of low-salt soup.

5. An experiment with eye-tracker was done to reveal the saliency of the “low-salt” label.  The results revealed
that the “low-salt” label can be found easily by the consumers when the label is placed on the upper-center of the
package in blue color.

We found that the Japanese consumers have enough knowledge for salt reduction, but they do not behave to
reduce salt-intakes. It is suggested that for reducing salt-overtake in Japanese people, we should develop palatable
salt-reduced foods, and provide them with salient “low-salt” label. Thus, we should use sensory-nudge in health

promotion in Japan.
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TIVER, SNTER, ELVE ) B R, — T, W
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KDY, 7 ) AT FEEEY) D AR R 0 — LEHT
IZBWTY, 2O B EAREC L > TN
7o BIG, 78 A FEEEY) Cld, IR (0.5%) 12X
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3. 4 RENESTTOREHEE(MEETHER O
AR

SHRSP I, A% 220 ALY, mEN EHF2LE01Z,
AL AV ARG (P EO F&), IEERH R 2R,

ERDAZRY 7 v R — LB ek a4 5 B E
ThDH, TT, NESTEOIE ) ANC I EEY) A Hnlf
O &5 L756 OWHE T2 5 2 55 B A Bl LT,
R KE G2 Tmar ha— )Ll T, JEEE, RIREEENE
ST EOMAG T, #5 6 Kl T EDIK FAEIZES
iz, —77, B, REBOMTIIEIZALN L) -T2
(Figure 11), KBED V7 E ) ZAHEIEEEW I HOWTCRIERIC
fRMTZAT /2072825, #6556 WEMZIZIUE I o
BRI TS, RIZ, BRERINCHREES T2/
RETEOMENGZLHBIIONWTHILLIS, E
6 WA IC IR, 2.0% B ERINEEY THEIC
MED F 23 E2 S 7 (Figure 12), 2R EEY O T
U T A WA SE (ACE) O [ E TR A B N
THIELIZEZA, /INE ST EFREY CRREREY LV IR
IR R o 72 (Figure 13A) . BN E®IZS
WTCHRDE, INESTETIIRIEREN EHT5H2LIC

INFERAME (mmHg)

F o T ACE BHEIEME DMK T L7 (Figure 13B), —J7, K
HEFEEY TlX ACE PREVEMEITIBIERINO B2
2hote, BLEDZEND, /NE ST EREMIZLS ML
K FEHRO—E61%, ACE BAFIZXIEZ2 AIREMEDS /RIZ
Sz, LL, MR TS ACE BRGNS VT
H—FH L W o72Z M5, ACE FHLE LIS OFERE N
5L CHY, BROMMTEATILENR DD,

WA, FEE B 5RO MR A BRI L, iR/ 37
A= — [ ZOWTHEZEAT o T2, KBEREEY TIX, mbs
filfl, MAEAL AV AEOK T MBS, KE DR A
VAVARGUE O B RN AL, — 7, NEST
FREY TIE, MBEEOZLITBES N7, 1
EN 7R R OIR T 23815234072 (Figure 14) , BER
INE ST EE2HEG LTSGRV TH LB EITZ(L
otz i, MIEN ZVRUREICOWT, BRI
WCEDEANTI2 T, LA EDZ LD, R/ NFE ST F
IR ERB 2 UGE T D REERHY, ZOEAAT=X
DOV THFEZR E DR A BB 3R DTGS2 D
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Figure 11. /& 5T EO HEIE G 2MGHEH M2 52 D502
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3. 5 RE/NESTEOREMEAEN CEE XX HIH)
DFEHT

DSS 1TKEMEZHETHY, EREMICEKELTEH X
HEGRESIERI T, DSS I(XEEBREZFHETLH0OT
1$7e<, #ilG B iaIcEmEE R L, BRIl OEEE
HET D, ZOZEICEY, EEHEE RS, B
A B DS RE I~ AL TRIEN BRI ND, (KEIZD
WCHDE, Con BETIE DSS D#EIZL - TIRED 20%
KT L7 (Figure 15), — 77, FWB Bf, F10 #flZ3\ TIE,
WD DI 12%FEEETHY, A EIRARERAD I K3 75
iz, 512, DAIOFENTCIX, F#, fEEEHIZ, Con Bt
\ZHT, FWB BECH EIZIE LT/ (Figure 16)
F10 BETIE, HFHHIICH B2 2T ) > 7o 0 ME T )
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REHIZVOHEEL, Con FE° WB FEIZEHL~ FWB ## T
HEIETFL W2, F10 B CIHK FEH TH-o7=
(Figure 17) ., f& % TBARS fEi%, BTN AL
Dofe, Fiz, fEGOMER T IZB VTS, KAEM
JR ORI HER] T 213 ) > 7= (Figure 18), LA EDZ L
Wb, FElE/NF ST EITIE, DSS 5 EO KK & 9
DENEDRHY, BB RIGR 72 EOUEICRI A T& 5 A
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(AR E, B)FREZEIL, (CfEEFE, (D)FKE
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(A)-(B)
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Figure 18. JEl%/ N2 S FAGEIEIGIERIG R E T /L~ 0 AD s B~ L%

FERG ORI HIfENT (H&E Y fa)
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3. 6 HE/NESTEOBRERKEEME HERAMN
FAEMEHIHD) DREAT

OaET 47 Ra—bDO0EDTHL Y LaX=T
XA BTG DO T 2ALSEDIERE R T, iR
DR FIXFHRAZ L T EDERLEG RO /ST ZSEATL,
Sy RIRE DA BGRE 2 LR D2 LI K0 Te, MR IER
ESRBEROOEDTHLN, BIEHRBESCKEROBER
B2 THMREOIR IS, 1 AV ALERIC
BWTHURIEERETUEL, Dfita b3 22800,
AL AV ARG EA L AV DIERAARRIZE - THH A
BT T35, AN TN I (STZ) X7/ 7 Vav R
FIEWEDOOLDT, EBREWIE G T 5L B Ak
WCHIAENEMEZRL, B MlaSES A AUy
WIS AR ALV PRBE PRI 5| RIS 4D, SHIT, M
B DAL AN RC X > TR RN BB EIND, 2
M 1 LA FF A e % 5 U 7 — 8 (FBXO032/Atrogin-1,
TRIM63/MuRF1) DIEVEILIZ LD AL Z 5, H#5E[K - NF-
kB X° FOXO [Zifj 2t F LU —BORBEEE FHE
HHN, NF-kB I EE{LARN R > THIEM LSS,
—J7, A AV L FOXO OARTEMALEZFHE T 5, b
DRI L~ T STZ =T VB CIIfZERIERZ T,
Ty MNZ STZ Z¥ 53 2L REOHEMAIHISH, R

W& TECKEOHMITIBESI LN
(Figure 19), L72~L, RUBREAGEE 3 38, 4 1 HIZBUWT
STZ BEIZLE, STZ + FWB B CIRENAEICEM TH
STz, o, MEFRIIZIT Z D E VS EE &N
STZ + FWB BECEVMEBI ThoTo, SHIZ, MEA R
CIRFE I LA I o T2, IUBEEIX STZ + FWB
TEEZRL T, BLEDZEND, /INESTEREE
MOFEERIL STZ £T VBV TEDIREDO— %
WESE LR TR T AR EHEE SN, T
AL AV AR NI T2 7o T2 273, FWB DOFA IS
FoTAV AV EN ERHL, B E <o R R oo S
WCEBR ST A RSB 2 bz, — T, BRI CREE
SHTGE, WEENMEEALE ORI T, YL
N7 O EIEIHR )R E LD KT &R
DIEIPRNTNDZEND, 7V T A—H— 2L ->THi
SO NERE LT, ZORER, STZ #5112k ->TIET
R TFT260, RBRAEM TELITALN -T2
(Figure 20) , ff] B #& THREOET AfFH (soleus) , 5 LA 5
(EDL), Rif&& 5 (TA), & JEF (plantaris) , BEE 7
(GAS) DEEIZ DWW TN AT o7, MiffiEIEI b= R
U7 & RO EOIER (IR Bk & B AR E M ()
BHEIZ KBS LD, FLar=T Tk, TIEMBRED
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Summary

Rice bran (RB) and wheat bran (WB) contain several bioactive ingredients for health promotion. We
previously developed dual fermented RB (FRB) using fungi and lactic acid bacteria which process improved smell
of RB and increased functional ingredients. FRB has been shown to be able to improve symptoms in animal disease
models. Furthermore, we observed higher functional property of RB fermented by Rhizopus oligosporus. In this
research, we investigated the effect of NaCl supplementation in the fermentation process on the production of
functional ingredients and evaluated health promotion activity using animal model.

In case of the fermentation of RB and WB with Rhizopus sp., the activities of a-amylase and glucoamylase
was greatly reduced by NaCl supplementation. = However, xylanase activity was increased by NaCl
supplementation. The increase in xylanase activity was thought to be due to the dissociation of ester bonds between
the molecules, and the promotion of fiber swelling in the presence of NaCl, which helps the penetration of fungal
hyphae into the microstructure of the cell wall, thereby promoting xylanase production. Regarding the secondary
metabolites, adenosine, ergothioneine, and betaine were increased in the addition of NaCl concentration-dependent
manner. These results suggest that fermentation of RB and WB with fungi in the presence of NaCl can enhance
the production of functional ingredients for health promotion. Next, we examined the health functionality of the
fermented product of WB by Rhizopus. A significant decrease in blood pressure was observed in stroke-prone
spontaneously hypertensive rats after single oral administration of fermented products under the presence of NaCl.
When we evaluated using dextran sulfate sodium (DSS)-induced colitis mice, we found that administration of the
fermented product improved the weight loss caused by DSS administration. ~ An inhibitory effect was also observed
in the salt-added fermented product. Since the fermented product contains plenty of free amino acids, we
administered fermented product to diabetic sarcopenia model rats. However, we could not find the muscle atrophy
inhibitory effect of the fermented product in 4 weeks of feeding. However, we found that insulin sensitivity may
be increased, suggesting further examination with other sarcopenia models was considered necessary using this

fermented product.

-69 -






Bk &S 20D5, 21D5, 22D5

B LTI RO AR LA EM A Eo R FEMIZ DN T

N BT

K SR A B IR

B E OIS, ARBICEREINZZ, thoRBRERD 202 720 T HEERFRWE ChD, HHOEEHERUI AR
BEFBOFERD—DTHHLIENMOILTND, ED=8, WHENHERII TS, LiL, BEOHEITRE N 2K
TREERLEDOBRAI2NT U AR EE R T, HICEWRNbDLE, RO CHE RS LT RSO ND
LWbn s, Fo, IHEEREOMER ~OWYHE OIRHORRERE, FMOBIELBOWLSICEEE 2525260
TWD, ABFSEO HIX, T L7 IO, TFAWEI ORI ~DREM], TREOWME OBFRIZE DL
PRER DR BT DN EONICTHIETHD,
3 AEMOMFFERIZ, RO 3 DOEREITT,
(1) HEEEDHLAe D KRR A V=T R /B EAEIC L5 R EcEZ RO Mt
Q) BIEROELDFEXRE AT /BRSO EAEAIC LD R UGE RO MG
(3) BRI T 5 Ko v - RS = R Ot
FEER(OIZEY, BT IBEEH R BROF BEAEAIC LRSI EINAZ LRIz, BRORSITIREIZRKEL
FBSHL, BRONTUALBRO U T OE WL QD EHEIS Tz, FEBRQ) I, FHEEERZRIA L Rk
AR K R AL CO AR CHLZ LR LT-, £, EREAEMUZES, OMWERIZE RO R R
WL, BSBREIRL, BRI AR D2 LD, ERDBENKROMS|IZHE A 5.2 T LAVRESNZ, ERG)TIE, 73/
BRIz CHEEID DA L 72TV IR 1o, BOG 28 AT FERITIRRD RS, KAV RV LN MERINT, &
DGy D 7 B Lo FERIE, D2 FHIDI EMAL ST EF VRS DO 5% 5 Lo HERERFDREZ AL TV,
INHDOFERNG, TIBHAIERIINA TIL— "—%2RINT5HZET, SHIZHPIRINATZT TR, BB
I e RSNy INAN 2=y g Wy et

1. HRBEM BRZWVEDIFTIERBTRN TT7T=2 (LU Ala) 07V

HIFR DO EEAR L2 DL DO THY, KT ZEoH kRN 2 (LLF Gly) ERZ GO H R 3R | TELER &) [F
THREFCHD, THREIEL TR T AT OZENTIREL, BETH-ThH, GlurAla-Gly 23EWEOXFEREE 255 JELT
WA HIXb A A, OB EAEBEIZERL, # DD EWIRERIZRY, T EE0 A HEE O B AR
SR DNIINH T 2R RAEFFO, Z D10, WIRITEUS  WRIERICRESEET A L2 M8 L2 VD, BITE, ol
NRWERMICHDIEDSIRIS N TWDZENR S, BT,  FEDUIATEEERO—REWDR, BHESED LT
2R DR EF AR RIS KR E R BE 52TV 0D, UL, B, 7210 e, BHEE O 2R O
%o WEEHE L, HEEHIL, AEOERMIEIC OV TR NI RTHRBET D20, BAEIICBWLIDE T ~&
HEDTND, BIEIRE 0.8%ICTHRLIcREOKERE  B2RD, FEEE1L, ZOT7 I BOM B2 B AR
MBI 21T o722 A, [ 2308 (LLF Glu) FAAS, PG A S DRI BR S 2R FICA R0 Tk
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ROINEEZ T2, 2, BEORRBUE, T AL M~
DWWE DWW ES L 5 25, ARFFETIE, 9%
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fez B L TR MR E ORI W RO BRIREE RS
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HIEU Tz, FEAE IS 2 EL, Rtk B2 ki
ARSI T B OFE BAE I LD RTR FE 28I
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VY, THIEHEDBRIREE IZ SOV THREZTT -7,
2. MIRAE
2.1 MEDOERRGLHKBRERAWN:-TI/BEEED
MEERORET
2.1.1 SEKRTI/EE-EREBOMBEEREZMALE
TRiZTATIR
2.1.1.1 Yo7 LA
BEF T T E L, 4% (wiw) 7> 7 Rl E
VERIL 7=, W2 7R KICT 1.2 %, 1.4 fHCHIRUR
RO LT, K7 7 IR NaCl 1.5%E) Tk
0%, 0.02%, 0.03%, 0.04%IRMNL, FEMEKELT-, &6
2, ZNHDOERKIZ MSG 0.5% ML= igb sl 5
FIRICE D2 R A T HaHlA R S LT,
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ElGER L,

- Bz
-

-~
=

HZHROEIE (%)=

(BBRD SHEF | BROEEEEH <100 «-+(1)

LR TR R SERD ST TR EE A I, TR
FAFIH LT, NaCl: Vo T O YR L LR AR BN,
NaCl 2% 1.5%0°5 1.4%, 1.3%, 1.2%...& 0.1%&X Z
TS U7 2 3L L, NaCl 1.5% EL Bkl & ok
SREEZ 2 RRANEICZDFHML 7o, RSO RRE 2722
BIEREDND, BB IZORIERL RO, ZOFER%E
B2, &512 NaCl #E 1.35%, 1.25%... 241D /R
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LTI O H AL S5 NaCl iR EE O R A {5
L, JOREMZBE AR, N TREN 25 1.2
ERIRE 1.4 RERIROT 7 WOV T [RIREICIE
TREEA L, WU EA R L7, SHIC TDS JEICTHE
DR Z R L 72, TDS {ETIXH 7 % 10 F01H
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15 5 SelebextRET D I FSeimBiZ B2 TRR
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ROy FEOFREE TR, IR A B L7223,
2.1.2 HR-SER7I/BOMBEEERAZR ALK

LE ES
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FIVRIMUT MR Z TR, SR e LTz,
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Ala BRI UBSER 2R H L7, £7z, TDS 15X
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TDS EIZKORRF 72K E O ZEA AT L 72, NANZAS T,
B OB, TDS ka8 OB iR L0V S~
DY TIIVEIRIT2. 1. 2&[FRED FIEIZTHT o 72, AT
E e S YANE 71 RSN T S el S e
WFE) e B Zs B CARRBEN 1%, EhaL7- (A
F 55 18-30, 18-31 &),
2.2 BROEGLHKBREAWNTI/BEED
HEERADORE

2.2.1 EXETIEBROEH

FERY T NOVERITIE, MARFER (GHIRE L LR
K& f) Z 7z, NaCl 1.5%& MSG 0.21% 12, Gly
0.24%, 0.63%, 1.02% ZIRMLT-FER 1.0% o7 i
VERIU 7=, SOICHRPE O WL E — (MR TR s
TETEME ORE) T, IO RN HHEK (0.5%,
1.0%, 1.5%) o 7 VBERL T2, W NOZERE B RER
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F7o, HICE ATEBIEC TR 5 MBI NENL AT (1 47:3
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DYRE) T, FSDHPIIRHFERIZOVTH[AIFRIZ 2
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STz, ABFGEIIAH RS R EAF R BRI AGES S S Te e
K& DS IFE f PR B & TR S NI, Ei
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2. 2. 3 EXOYHEBRIE

BREAHHICHWEERY T HONWT, TIVATF
=7 F AW — (BHEUERT; EZ Test) (& CHEMHIEA %
MELTZ, BAE 20 mm OMETZ Uy —a WV, EfEH
JE 60 mm/min, FUEFOEX 70% & CHEAM S W72 REOD fif H
ZREL, FKREM ) (N) 23R T,
2. 2. 4 EXOMEBETILAER

AL 50 mm 5 80 mm DFEIRRUEERIC, EA
50 mm A ZY) - 7-JE#K (ADVANTEC 100 CIRCLES
EAZ 110 mm K No.2) % 10 B A, JIEDEE E,
BEHREREM L0 E R EMERL -2 K (25 x 25 x 35 mm) %,
e BB S e A T o7, BRI, T7ATFv—T
FIAY — (BEEERT; EZ Test) Z VY, BEAL 20 mm D
MFE7Z 2% —I2C 50 mm/min T 50% ([E#E=) £T
JERE#, 25 mm/min T 70% (FEAESR) JEMEL 72, JEAE
ICHERZIMOBRE, JEMERTH% OISO B EENBIEHL
Te ARGy A lE LT MBI L2 7 i, 1 fE
DYV T MAZDE 3 EEREL, £D 3 [EyOFEE
BT NVOEHEE L,
2.3 BRBASERMULERZRAV - ERHEDR

D&
2. 3.1 BRSNS EHRMLI-EXEHA-EKRE
B O&E

FEPEAED D F 20 g LA A K 400 mL &7 v~ /K
AR w (L BLERT) ORISR Z AL 20 2
B\UT-. KRR EMAMEBICCTHAIL, B kiRE
(O BEIF XY & LT, BRI 5% 72K
I DD B7EL (BRI 7L) I ELTHERMLZ, £z,
HINTAED DI 20 g &AL AZHAIK 400 mL Z /N2, 20 47
BB L 7-KIEIRE [ D B7IEL (FRER S HY) 1ELT,
2.3.2 EXYUTILOESR

NaCl 1.5% @ #, NaCl 1.5%+MSG 021% , NaCl
1.5% +MSG 0.21% + Gly 1.02% ZZIENIRINLIZFER
1.0% Yo7 VAR, ZDiX 2R O AR
TFEERY TN ELT, Fo, ZBIC2. 3. T THERL 727
OBEIERLSY, D OBRELERENRL), 1hoBEL
(BERR D HD) TN IR 7 Vb RL -, =
NHBERR ORI, ERE MBS =%
WZHRIIL T2, W HoFERE 2.5ecm x2.5ecm x 1.0 ecm (24
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vhUTe, BRERHIIZAHWAERE, TDS EIZIZZDEEDOY
ART, 2 SFBRELNEAEDE A, 12 DY A XLz,
2. 3. 3 EHEFHE

EURME O BAEWINUTZFEER, D OBEHEHEX D%
WINLTZ3ER, 72287120 (FVRRL) ZIRINLIZER,
OBEL(FIVHY) ZUHINUIZERICBIT S, fFELS R
DIRE (BROPRS) ZNENIEIC CTRHMBL =, 7235, 1 1% 4
R 20 E 3 A, 30L& 2 0, 4% 1 REL, ENEND
AT B ST D E FH R LT, 512 TDS {EICTHH
O [FRd 2 L) 2R L7, SR ok, DI AR
ToE BB U D2 725 ETOMBHI7R 2% 8%
WL THHo7, BROBIR X, TR, THFEMk), TH
B, TERER), 5RO O 5 FifE, FVOBRRLL, T2

B — (JAE) |, TRV, IFIZLW 0 3 fEEELZ,

AMFFEIRK RS R PR IEMm BRI ES 5 Seleb et
LT DI B SE M B Z B CARRRE N2 %, EhEL T2
(ZATHE S 22-14 7).,
3. BRBIUVEE
3.1 MEDERLGLKBRERN-TI/EEED
HEERAO®E
3.1. 1 AHEELTI/BBOMBEERELI-KIERHE
MR T LTI, BASRE RO AR D%k e h
BN O T ARSIV TND 49, AR SRR
TET TR, BRI, D FEMAE L OB IFET ST
D, FHROFEEI L > THROM BEAERSCIHRED 7258 %E
ZBNBD, ZIVET, HiiRt 907 TR O BIEOF EAEHT
13, NS DM LS AL CD, AFERTIL, U
VAR BUT DERIC -2 DB OV TREE AT T2,
NaCl JREEY, BOEI0T— A A—T 728, BRAIRICE
WTHIZT DR ERIEOHMEBEIT 1.5%E0T,
Flo, R HNRIEZ DT DB, EERORMED R
BT HEEZOND 10, HELZBWTHMIIZIEL, HA
MFDIHIREABDIRNE DINHA—T D I H 73 Y&
LEILELIELDETHD, 2T, 77 E2HNT
4% (wiw) iz TR, Zb% 1.2 1%, 1.4 52 IRL T
FEMED FIR D VR WA FABRIL , KERE DS BRERARIC R E T
[ZOWTHRELT, 4% T~ 7 U WiE, 1.2 R70R, 1.4 4%
TR DKL L, 2N 6 rpm (ZF5V VT 546.9, 121.1,
23.4 cP ThHoT=,

4% T T I BT DU TR TR O MR 5 5
IR NIRRT AN ZOWCEHL 72 (Fig. 1), VT f#
0.03%LL LRI CHBEICHRAHETRLTZ, —J7, TRATU A
[ZDWTIE, U T EE IR B BN A EE R O FIA A3 EE N
L, BERODEIA D 50%%E 2 D EFRRN IR E D780, HE
MK N T 2L STz, HBE~DISHES %, R
HERN RN DY, I PED RIFRV AR E Th D
0.03%% Xt RICTIR RO T AT o7z, £ DHER, NaCl
1.15%FE TRIELIZERIT, HLliE (NaCl 1.5%) &[RIFRE
DOUWGRETHLHLHIMIL, WHEREZR ML 72225, 23.3%
ThHDHZENSyD3-7- (Table 1),

Fio, KNI DT L ORI RICENEL LD E R
FLIZEZA, T 7 12 5T 20.0%, 1.4 {54
TIE 16.7%&, K DK FIZ k> T RHIK T L
(Table 1), —fRANTELLOREEL SIS DT DI TRD
REDFIEAEANZHDHDS -, ZIUTRERNFHEHEE
RV E DSRHIE B Z << BT LS b Tng B,
ABIFGENZ I TR E 23 5 W HR CIUE R 3 i 7 o 7z
DL, RENELI o2l E TR E Db %%
RN L g o Te ZENE R THDH LB 2 DiLD, ERT
F-HDNEEE T DR, HEREERRL Y 2 SO
IS, SFERRH MR LE, Bk 72K I A& E>T—
DORZEAE) L TUD, BEREIERTZ T, S ERDIN
DHZET, FHROMER WOOCHEOUGEN TSNS, 22
T, 4% T 7T RSB MSG 2SI 52 8T, A1
Feld ERE DR EAE M 2Lz (Fig. 2)

UL TERIREE 0.04%M1E T, MSG EEFRINARK L
EOITBRAHE IR L 72721F T, BRNNZ U ADB B kLT
MR C&-. BT EDMIEN) FRIC L > TSN, 18
IR BT CTHH LML, ZOHRE CRMEREF L
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SRENEBINDN 469 SFREGIHT L LICE T
DIZEWME SR Z R T 2R h o, e THFZELY, Bk
DINT U ADEG M O FR Rk =1:1:1 (Z725ZL
THROEFENIETZENHLNITR>TND W, ko T
MSG HIMZEDEBH L, WATUAD R B8
L7zEEZDND, — T, 7SFANBITERE OV Tk
BRO RGN R 720, D7y B THI
HHENT-EOBERNEL o7z, 2T, TDS #EEHAW
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T, BRI 2 EL LA, EmRERRIEE %D
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HHZE M7 (Fig. 3), £z, YERZOH T HLKD
Frgt IS DI R D2 EN 3 h2 > 7= (Fig. 4) , TDS
HIE AW ER R B i Lee 25, o7
DREFED G IRDITHE, HEIR DI 78 « FRIR DN 350 <

20 ~
BNacl | NaCkHMalic acid
w15
2 EEEY
TA’ F ¥
g
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=
z s |
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Malic acid concentration of salt solution

w=xp < 0.01 #=#:p<0.001
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25 |

725 W= (Fig. 5A) , SHICMSG Z2RINT 5L, HFED
I SRS TR 0Tz, CPAE (1K) b @k E721X MSG &
PERLIEY D 535K, BREFHMIZ L% bkFf
e R E L [FER DR Fe k7257 (Fig. 5B) o LA EORER:

D, PR IR 6 DR G 5RO RIS 20 0L
HEZZEND,
Wsaltiness [ sounrness [Mumami

0.02% 0.03% 0.04%

Malic acid concentration of salt solution

Fig. 1 Taste enhancement and taste balance of NaCl 1.5% + malic acid in 4% starch paste.
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+MSG
wews 1 p<0.001

(%)
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504

251 44

NaCl+Malic acid+MSG

Fig. 2 Taste enhancement and taste balance of NaCl 1.5% + malic acid + MSG in 4% starch paste.

Table. 1 Taste-enhancing effect and salt reduction rate in solutions with different viscosities.

. Matic acid concentration that had Salt redoc ton rata(%a) Sakt reduction 13t %)
Sanpk 2 mats-enhancing o (Y {comparizon with HaCh {comparizon with NaCl = MEG
#4 smmch paste P .
WLl 1.5% = malic acid T -
xl.2 dihw=d starch solntion - .
WNaCl1.5% = malic acid o -
x1.4 dited starch solution 0. 5.7
WNaCl1.9% = malic acid )
Aquaoss sohrtion 0003 "
WaCl 1.5% = matic acid - -
4% starch paste - . ng e
MaCll 36 +0IEGE 0 - malie 20id L = -
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Fig. 3 TDS graphical representation for four sample solutions with different viscosities.
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Fig. 4 TDS graphical representation of 4% starch paste with NaCl + Malic acid + MSG added.
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(A) 4 different viscosity solutions with NaCl and Malic acid added
(B) Effect of adding MSG to Starch paste containing NaCl and malic acid
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3.1. 2 HK-SFEKRT7I/BOBEEREF AL
RIBARII R
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IRET WA BRI OFH BAE D3RI AT R & P4
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WTEE T 22N NEIREATICH G ENT
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DR BV, 17% O Pk 23 7] §E 1272 > 7= (Fig. 6) ,
Ala 0.765% RN DR T o AL TR DNGRO H AR
Mool OIREITHED, B 40%L EdH o7
(Fig. 6) , HIRDOBINNN V> 7 L OUEHE I N 571,
DEHEEZZS D, E72, TDS #IZT NaCl 12 MSG X Ala
MU T BRDOUR D Fife RF ] 251 <72 £ 25, NaCl <
NaCl + MSG <NaCl + MSG + Ala DJETEL/e>7-, Zh
I, HFERHBRT I A IR 7228128, BRE R
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10 1

Number of panelists

0% 021%

Ala concentration of salt solution

% p <0.001

B NackMsG ENaCHMSG+Ala i

0% 0.255% 0% 0.765%

DNICESER L7202 EE 200, ERRoikeoF
BROAR FAEF LR, TR/ T AL MR 0D Rioe E R 23 W 1
BRI A T T 2D RIBS LT, Fz, HRR, D FER,
HEROMBEITEEICL TR B-MEegEbit iy,
MZE T EROMEEIZ L > THRAT A B> TREHIL
DO TIEIR O EHELZES LD, £2T Ala 0.765% 1
WA XTRIT, HiR(24°C) , (RIRAHE (37°C), 79671
D HA—TRE (60°C) &, #x RIS TIZHITD
MR B 2 R BINE IS TR L 72 &£ 24, 37°CH3RIE iR
(WA T -T2, TDS B TR ORI AL 2~ 72,
HIZARTZE ., 37°CTIXIERR, Dk, HIRN Y —I1C
JEEHITWZDITHKIL, FRR 60°CTILRIZRY 234
CCW e (Fig. 7). R 7V THIREIZ L > TR
VAR E VAL DT, BRIREE TR B I IF
Lo bHEsREnD,

(%) Wsweetness saltiness [lumami
100
75
50 |
25 |
0.
0% 0.21% 0.255% 0.765%

Ala concentration of salt solution

Fig. 6 Taste enhancement and taste balance of NaCl 1.5% + MSG 0.2% + Ala in starch paste.
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Fig. 7 TDS graphical representation for three sample solutions with different temperatures.

-77 -



3.2 BROERGHIEXRZRAW-7I/BEED
HEERDORE
3.2. 1 HEK-SFER7I/BOMAEERZR AL
BRIZEENR

FER 1.0% Yo7 NERNT, Hk-9FHRTI O
FHEAE M 2R A U723 2 R > W TRETL
(Fig. 8) , TDOFER, Gly % 1.02%IRIMLT-ZERD I,
DERJE U BT (p<0.05) . KIRIE A R GELT=EBR IR
WTh, Gly 1.02%IINL7=H DB FRSE S TRY,
RO N2 D56 THRBRORE R Loz, &5
ROWRST o A% _I-5E R % Fig. 9 12”773, Gly RN
IREOHINZE, HEEPEUONAEIA BN, B
D3RR SIZ Gly 1.02% Cl, HDY 40%LL EdH-7-,
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@ANaCll.5% + MSG0.2055% + Gly
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THETHE AL, RS EW - B ANRA LI KRR
IZBWT, BRI R Z R KIZT DA T AREET
HZEEWAELCTE W19, Fi2, Gly ITHKT /B TH
503, Glu EOMAAERICEYY EMIREICH A 59 HE0
IREDDHD Y, Box B OTE AT BRI AVR S OB
1, BN TR > DOBEHEL RSP IR IR S L
HENHITEY 19, RERIZIHVTIE, MSG & Gly 12X
LEROMTEN R, NaCl & Gly DX R, ¥~ 72
BROF EAEFNE 2 0ND08, HIRAY 40%LL B2y, HiR
EHRE NI FF IR DILDBRS, TR R A 5] X
oSN HEES D,

0% 0.24% 0%

0.63% 0%

1.02%

Glycine concentration of salt solution

« p<0.05

Fig. 8 Taste enhancement of NaCl 1.5% + MSG 0.2% + Gly in agar.
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Fig. 9 Taste balance of NaCl 1.5% + MSG 0.2% + Gly in agar.
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82 T RE 2 el U7 (Fig. 11), EX 1.0% Jvi,
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TVTIHEL SN2 oTz “FEROKD, oz~ A
LTz EEZBND, — T, K 0.5% HEIR>7-0
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REF DL IR o e ZE DB L - D TRV EHEEZR LT,
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RuEMELTZBRIT, FERDOEE T DK 75 E O EHRE R
% Fig. 13 (T~ T, X 0.5%, 1.0%, 1.5% I b, £
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I 2 BRIESRIE, KEMEA 2 DKIEIR LRI DIRET
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Fig. 10 Comparison of taste strength using 3 types of agar with different hardness.
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Fig. 11 TDS graphical representation for four sample agar with different hardness.
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Fig. 12 Comparison of agar chewing time. Fig. 13 Moisture elution amount during agar compression.
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Fig. 16 TDS graphical representation of three sample agars

mixed with taste components.
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Fig. 17 TDS graphical representation of three sample agars

mixed with dried bonito flavor components.
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#% Fig. 18 \T/RT, 1 oR72UIE, FRAM RN
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Fig. 18 TDS graphical representation of three sample agars

mixed with bonito stock (without flavoring ingredients).
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Fig. 19 T DS graphical representation of three sample agars

mixed with bonito stock (flavored).
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Study on the Possibility of Flavor Improvement by the Interaction of Salt and
Amino Acid

Kyoko Ishikawa
Faculty of Bioresource Sciences, Akita Prefectural University

Summary
Salt, an important seasoning, adds saltiness to food and enhances or suppresses other flavors. Because
excessive salt intake is known as one cause of lifestyle-related diseases, salt reduction is recommended. However,
drastic salt reduction can adversely affect the effective balance of taste and palatability of food overall. Reportedly,
when umami is added to salt, even a small amount of salt increases the saltiness and gives a feeling of satisfaction.
Additionally, the texture of ingredients, such as the extent to which taste substances are eluted into saliva during
mastication, is believed to affect palatability. This study was conducted to clarify factors which strongly influence

nn

the relations among "concentration composition of salt and amino acids," "permeability of seasonings into food,"
and "physical properties of food."

During our three years of study, we have investigated the following taste improvement effects by
experimentation.

(1) Amino acid interaction using aqueous solutions with different viscosities

(2) Interaction of amino acids and salt using agar with different textures

(3) Using agar to which aroma components have been added

Results of experiment (1) confirmed that interaction between umami amino acids and sweet amino acids
enhances the taste of foods. It was inferred that temperature strongly affected taste intensity, and that the balance
of taste and differences in perception of taste also exerted effects. From experiment (2), we confirmed that taste
improvement using interactions is effective not only for liquids but also for solid foods. Moreover, results obtained
from chewing agar indicate that softer agar is associated with a shorter duration of taste, earlier sensation of taste,
and stronger taste, suggesting that agar hardness affects the taste strength. For experiment (3), in addition to amino
acids, we added aroma components extracted from bonito flakes. The findings confirmed that agar containing
fragrant ingredients has a strong flavor and a long-lasting aftertaste. ~Agar containing only the fragrant component
had the same strength as the agar containing both the umami component and the fragrant component of katsuobushi.

These results suggest that adding flavor in addition to amino acid interactions not only enhances taste: it also

improves palatability.
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