REEF 20

W —EFAWEREORROEE(ICET 5130

#WH R, F @F, SRR, NEFF R
UM KRZFERFE RS A 7 LEHE AR

R, FEAx OBENTIREND LOITRoTERER, THUHDREMIZONTOR
WERO R ZR I BB % B AICT XF, Lo CENIRERAFESTHO L X I2BI N
TW5. BHEOZEMIL NaCl L #EFETIEBIFTTINMICL > TELLTHE ST
B, FORWMEICE L CERNIFMEIL ZILE TITRDILTVRL.

et — 1T ERROERSAEA =X LB EF LI —ThY, ZhE T
xR OBARLKDER(LIMT b TWS., K 13 FEEDOYNVE - A
ARFZERAFBIRR T~V FF ¥ U RABRIRE oy — & W, kT Y U L)
0 R4y 2N 2 TR A TREBIE R X ORI DWW TRIEZITV, RO 2R LI
RO OBRIZHOVWTRIZITo Tz, £OB, IBERICRILKFRHORVIEEEZHAT
% Z & T CPA (Change in membrane Potential due to Adsorption) 722 [#8Bk) Z#l5#
BIZITV, WEIXTNVHORKOERLERATZ. TORE, 2RTHLRDTA
A=y B/DHIENTEI.

AR TIEZ OREBEOHAFREZ AL Z L THREE P — O REER TR
PEERRIT 5 LREIC, NMCEXDEREREZEITL, oy —HA L OoBE-SIT 2R
Zt=. Fig L IXHRBICRIT 22 o —DIEEEBA L CPAEDE 1 ERDITL > TR
LieT AR M=y ThHD. ORI, FEBELNEREBVN—EERL, KR
o —DORMEEN Y THT 5D THS. Table 1 THAEICKIT 5 ERBRAERK R
ThHs. BiEE— 205 2 ETO5BEBIHMEICNT2 17 ADARRT —DOFEETH
5. W bHEXHME 1 28> TRV, ARRKROFMITA LN »oT. DFEY, A
12 L ABO%OEBFIITEFICHEEL WD, &I, R e LT o)
& THHARTEE] 2TV b OO, BRERAETE MMMbw—2) & [HEOE] M
ERLRSTWD., DED, HHERE L RO ORICITHERA LN Rd o T

PLEORRIE, AT DRSOV Z2KIZOWT, KR —%
AW REFHE - FHEY AT LAOBETREEZRET L0 THS.

°  omro Table 1 Result of sensory test
0 | e
IS 1M LL AlEros $ERE | TR | UK | AR [Eaeh

CPA{#E (PC1)

RE/HRE —
I o v #EOE | 012 | 047|029 | 012 | 012
. MS SL onhv—n mrnE 024 |oos| o |o012 | 018
M s30T
o Sk e | FEOFH | 035 | 029 | 041 | 047 | 0418

PABRAGE | 035 (012 0 0.06 | 0.18
$T—X |-0.18|-0.18{-0.18 [ -0.18 | 0.71
" i i |-012(-0.12| 012 | 0.18 | 047

L T BARFKARE | 024 | 024 | 029 | 024 | 018
LB R (PC1)

Fig.1 Saltiness evaluation using taste sensor
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BES 0210

KEL Y —ZHWzRBEDEKRD
EEILIZE T 58158

WE B UNRZERZER T LIERFE TR
e (WNRZERZRR > AT LERE £ 5ER)
AR (NWINRFERFERE ¥ 2 T LIEERBEWZE5)
MNEFF B (WNKRFRER 2 A7 LEREETTTR)

1 MRBEH

BERFIENEERXORE, EME—DOBEEL L THEIN TN, BEE
MO—RELTERIFL4A1IHZ D T2 FRMENTEHEFRHENIFELE XN,
ZOEFEMOEIEICED, ERSHTEOSERFENMTOND LI, Fi-Eht
NEDBAFOHRENTNS [1]. ZOXIIGEEREL DEENHEREIND LI IC
BOTERED, TNEDERMEICDWTORMNBIEIES 2R 5ICTET, L
2o THEYVEERABEDTHADELICBNNTNS 2. BIEOZEMIL NaCl & #75
THEEI XTI (R OFHEE, BERVUETNEDONT DAL >TEILT S
ETNTNDN 3], TOEKRMEICEL TEENZIHEIL I NETITONTWARN, £
7z, DMK ERREL, RIEEITES8ed & ORIETH 5, MgCly, MgSOy
HOT YR LMENE<, NaCl, KOl S0EbES, EkELDDTT DBND .

RREC T —BERROKRZEANZZALEEM LU= oY —THD, TNET
IR L R EEOFHBCHRDOEEMNTONTNDS [4, 5. FHRI3EEDOVI b - Ho
IOZARRMEBRTE, YIVFF v FIVEKEL S —2AW, EFhUY A
IR0 RS 2 MA TR FABE R OEBHRIEIC D W TRIEZTY, BEO2skiEE
0 DERIZDWTRET 21T o7 [6). TOR, IBEBIZRILKEEDEWVIEHE %1%
9% ZET, CPA (Change in membrane Potential due to Adsorption) 725 [
) ZRIDEH [7) 21TV, BEIFXSNDOEROEE(LERATE. TOHKE, 2
KT SRBTA ANy TEBB T ENTER. 2T, APZILT OISHEIEDH
NBEEZRAND ZETHRREE Y —OEMERTREE 2B T2 R, Aok
DERBREEZETL, LY —HAHEOBEEDTEZRL-
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2 WIRAE
2.1 BIER

WEICE, A>FUTz> herd—77 /) 0Y—8SA402B RBFHEEE MWL
T OEBIREE, N RT—E, FoSNEREOEREND. REHTE, TH
ZNIEE /BN FEER -2 8 A0 Y —T 0T EBREMLE O Y —ETIE
BREQEEMEBRETS (Fig. 1) .

EE MR E LTRYE(LE )L (PVC) &AWz, PVCIIAIER L D
SHAELTZDIET, REEHRBEEELRZOTHRIECTEND T2 I ENTE,
feet, RIEOESE, MOBNRTETOEATENTWS. PVCIE—KRIT, &M
BELTELEDNTWBN, (4 @REBEOSFFMEIE LTHLEEHDNTY
3. SEOHETIHEEOAE B2 DRENISEREEA L (Table 1) . IBH
Pa (ch. 1), 2C10 (ch.2), 2C10 (ch.3) N5 3DDIEEBEII—RICAICHE
LTHYD, I8E TDAB (chs. 4,5) MORDIEEBIEICHFELTNWDIENS, &
NS OSEEEZ TNENIA FAFHEEBLVT I AWEREFRILLT D, 125,
T¥AFI D DOPP 13 di-octyl phenylphosphonate, NPOE I 2-nitro phenyl octyl ether
Ths.

+
Buffer amp.

|
Digital
voltmeter

1\ amkar -
saturated AgCl § ]| ¢

Lipid/polymer il
membrane

Working electrode  Reference electrode

Fig. 1 Schematic diagram of experimental setup.
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Table 1 Lipid materials used for the membrane forming process.

Channel ) Lipid Plasticizer | Abbreviation
1 Parmitic acid DOPP Pa
2 Phosphoric acid di-n-decyl ester DOPP 2C10
3 Phosphoric acid di-n-decyl ester NPOE 2C10
4 Tetradodecyl ammonium bromide DOPP ‘ TDAB
5 Tetradodecyl ammonium bromide NPOE TDAB
2.2 BIEARE

Fig. 2ICAIEFIEZRT. Y, £V —HMEAMER (50mM KCl) THEL, £
WROB (Vo) Z2HETS. CORELRZBMLEETS GiEEDENRSTO
F ¥ FIVTH0.5mV LIAN) ETEEROBEZELDRT. KIT, B> TN Tl od—
EEEYEL, ¥ 7T 15 BRIL I —8E DY, ZOBMEAETS. TO%,
BeiEE 2 ERDIE LTS, %7t CPA TSR (IR E [ LM TEE (Vo)
EWB. BIE (Vops — Vo) DEBKOMBEMIE(L L2 CPABTH S [1]. S/ME
BELTHRONBREBIIL, Yo TINOBEBR (V) b oREROBE () %
Bl (V-1p) TH3. BEIO—F—> 3 BIET4EfFor. = To—5—
Y a R EE EROBEFIETETOY > TN E | BFOMET 57 ETh 5,

! ! ! i N G BNy :
; _’;&—';&—'?’_'7’_*;&'—’;
T (2] 3] & |n]| |4l |5

4BIOD—F—2 3>

CPARR <

Fig. 2 Measurement procedure.
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2.3 MEFH

RAOFEEE LT, RMEAOEFIVEREESEICLE 2] RFi#E LT, CaS04-2H,0,
MgCly-6H20, MgSO4-6H20, KClIZAWT, Table 21T RUZ&BEEREL, Ca’t,
Mg2t, K+ 0> 5 Z@EDHAAEHOE THEETSZ. Z511 (S) \diEAE S DR
EIEITAYT S, ERLEBENENRSIZ (L) THHFRREUTIKEOTVD.
723 Mg2+ IKDWTIE, MgCly-6Hy0, MgSO4-6H20 WZBNT, wBAKEFHEL TR
t10:3 DEIETRE LT,

PIF, R oHebtid Table 21255 S, M, L ZANTEREERT.

Table 2 Concentrations of minerals examined (mM).

1(S) -| 2(M) 3(L)
Kt 0.25 0.5 1
Ca?t | 025 0.5 1
Mgt | 0.75 1.5 3

KIS EHIRIEE Table 3 I0RY. RADLM 4 FIOKEIL Nat,
Mg+, Ca2t, K+ Ofdh100g FOES (g Tzl mg) &FKY. EimEHIER
T FOREBA Mo T EEERT D, HIREOREICHEL TE, Mg?*: Ca?t= LL
%X 120mM NaCl #MAERBOBEOEELFLEBEFHETSILT, RIE
) &S L=, Table 3 DR 3 5T DHIETIED RO Mg, CaZt, K*
DENVBEZSEETRLTND.

Table 3 Salts on the market.

& Na(g) | Mg(mg) | Ca(mg) | K(mg) || Mg(mM) | Ca(mM) | K(mM)
#E O ok 290 160 3540 0.84 0.28 6.35
ﬁjﬁ *kk k%% ek k Fekk —_ p— —_
a5 0K 375 110 90 50 0.32 0.16 0.09
FREORIE 36 550 20 35 1.58 0.03 0.06
BSREE WO (HR) 38.7 110 98 42 0.32 0.17 0.08
hbT—2A 27.9 2600 1150 832 7.49 2.01 1.49
TR DI 35.4 90 180 30 0.26 0.31 0.05
o - LAREEEEE (k) 37 66 56 20 0.19 0.10 0.04
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2.4 EHERE

IEHDORAABIE L 7 EEOMRIBICONT 2 AHIETERRE 2T/~ &
% (120 mM NaCl KX LT, ok, ok, #ok, #Bok, £F23000%5% 5 BE
(-2,-1,0,1,2) TIHELZ. 723, FEEERT Table 2 1R LZBED SOMO RS
RBRI L <HERINTERNI ENHBALZDOT, LD21#E, 41EEREDEZERL
7Z. DEV, Mg?t Tid, L=3 mM, 2L =6 mM, 3L =12 mM, Ca2t Ti¥, L=
1 mM, 2L=2mM, 3L=4 mM &735.

3 HMREBR
3.1 Mg? & Ca?t M5B SFABIE DBk

R FAEEIIR T B E/NY — 2 % Fig. 3ITRT. 2B, Y27 IHIZ 120mM
NaCl Z& A T2/, 120mM NaCl 238810, ZOR/RENY —2%ELEINWT
N5, lINSONDEDI, Y1 FARMEBIHSNIC Ca2t ILEDEIEEL TN
5. ez, Mgt BEICIZIFERBRIC, Ca2t DL, M, SIEUTHRE)S Y —
SWRELIBOTNDNSETHS. ZORRIL, EHMICH, FETEMICHEICH
ELUHR [6) &—BT 5.

{ ’ Mg2+: Ca2+

80+ —-o—-LL
--e-- ML

% 60} —A—SL
= ] — LM
g 40 - X-- MM
& 20l —a— SM
——LS

ol - X--MS
——SS

1 2 3 4 5
Fy )

Fig. 3 Response patterns for mixed solutions of Mgt and Ca2*.

Fig. 4 IZ CPA BIED#HERZ/RT. Ch. 3ICHEEIREEENENTWVS. Chs. 1
E2DRENE, Fig. 3MER, Ca?t BEZIZEFIRMLTWVWS. L2530 c¢h. 3 T, &
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Eiz M2t DL, M, SKR>TWS (Mg?r OLIZKNWER) . DX, ch. 30C
P AfEIE M2t OMBRERLTNS. ZORKROATEIORER [6] & —HT 5.

8
Mg2+: CaZ+
6 —o—LL
--e-- ML
—A—
< 4 SL
E S
- LM
< 2 -X-- MM
[a ™
(&) —&- SM
0 —+—LS
-X--MS
-2 ——SS
1 2 3 4 5
Fv Il

Fig. 4 Response patterns for mixed solutions of Mg?* and Ca’* by CPA measure-

ment.

Z T, BEBN (Fig. 3) & CPAME (Fig. 4 D% 1ERH%ZE, TNTN Fig.
ﬂ@@ﬁm&ﬁmtﬁﬁ.::T,%limﬁtu,%%E%ﬁ@—ﬁf%ézﬁﬁ
S EF—FIHLIEEZDRDIERORE VRIS EE®RT D, ERDOTESEEK
DIEREDBRTOEMTET DICEMBHEAFEO—DOTHS. FRKELT—
HAD 5 KRTERMERE L AT TELEDITHS. DED, KELI—DIKED
KEEEELEEBRITEN. Fig 5(a) OMEMASEEM 2, Mld CPAEEZRL
TW5. MEREDEASMRESIC, Bl Ca2t EZ, Mo OMENE Mg?t REE
ERBLTWS. DED, TONIE, HO%KE Ca?t & Mg?t TRELEZRHEFTAS.

F7- Fig.5(b) D70, MEOKE [6) 27U TS, Fighla) L RV—HZE
R ENDND.
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(@) (b)
10 [’ L
" Ls,—LM LL -Y ML
£ M ML S MS SL
Jm L
Ew:: SL
O 6 6 - SS
88 1 L I ) C
40 60 80 100 120 40 60 80 100 120
& ESL (PCI) EEALL (PCL)

Fig. 5 Two-dimensional taste map expressed by response values and CPA values

using principal component analysis.

3.2 kD

T LT, Table3OWRDEEM YD, Fig. 51CEREDD, Fig. 6 TH5. 2B, i
&/NY— 2% Fig. 712, CPA BIEDIERZE Fig.8 ImRT. Fig. 6 5hnd LB,
MB38) BEAICEBIEL, 120mM NaCl IZS &350 k&N 3. Fig. 6 I3 nk%
—HTRITAIALY YT (BkO#R) TH3.

® HE DI
10 P
— LS LM LL A AT DIE
O X FFIWD KIS

& ML @ IR T

o Ms SL OMBIT—=R

=6 ¢ SM Ok

© X, gg ' W hE - IEAESIE

0 20 40 60 80 100 120 140
& BAHL(PCI)

Fig. 6 Saltiness evaluation of salts on the market using taste sensor.
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——HR0E

- B g
——{aHniE
——HKEOXRE

= RRARBE
——ihbT—2A
—S—hR0DIE

- - @ - TREKGE

REEBA (mv)

Fig. 7 Response patterns for salts on the market.

10
——HFDE

- Eals

—t=(HHDE

—— RBOFIE

—— R RAE

—e—HhbEI—-X

—e— R0

- - hE - IBREEEE

CPA{E (mV)

F vV

Fig. 8 Response patterns for salts on the market by CPA measurement.

3.3 EHREER

Table 4 I EHeREORERZRT. BEW, 17 ADNSFS—OFEGETHS. BB
BRAREEE TIREDED S b2 THEMEL Z2Y>THY, BHEBROTMENTE
TWiRWEEZLND.
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Table 4 Results of sensory test.

i P ok | ER [ ¥k | ek | EA30H

¥ 7

LL+120 mM NaCl -0.12 | 0.00 | 0.00 | 0.35 0.35
L2L+120 mM NaCl 0.00 | 0.12 | 0.12 | 0.35 0.29
L3L+120 mM NaCl 0.06 | 0.18 | 0.06 0.24 0.59
2LL+120 mM NaCl 024 | 035 | 0.24 0.24 0.35
2L2L+120 mM NaCl 0.18 | 0.29 | 0.12 0.18 0.06
2L3L+120 mM NaCl 0.12 | -0.06 | 0.29 0.41 0.12
3LL+120 mM NaCl 0.18 0.24 | 0.00 | 0.12 0.24
3L2L+120 mM NaCl 0.06 | -0.35 | -0.35 | -0.41 0.53

3L3L+120 mM NaCl 0.00 | 0.12 | 0.41 0.35 0.35

HFEOE 0.12 | 047 | 029 | 0.12 0.12
=y 223 0.24 | 0.06 | 0.00 | 0.12 0.18
FREOXIE 0.35 | 0.29 | 041 | 047 0.18
HRRTEE 0.35 | 0.12 | 0.00 | 0.06 0.18
hbY—2 -0.18 | -0.18 | -0.18 | -0.18 0.71
DK -0.12 | -0.12 | 0.12 | 0.18 0.47
BRAXBE 024 | 024 | 0.29 | 0.24 0.18

ETRAABBICDOVWTHRERTHB &, Fig. 5 OMATHOKMAE YT
5 LL, 2120, 3L3L ZH& L T, EHLSMIBENRFNZEE L TWEWN, *
7z, LL, L2L, L3L ZH#kd 2 &, ETHAERZELIFEVEWL. LL, 2LL, 3LL b
F#%TH 5.

KICHRIBEZRTHLS. WBOE & MPHBARTEED Table 3 DRAENS B D &
ENHOD, BERREENRE YA LMBOEMEVERER>TWS. DFD, &
RERERER RS EOMICE<HBENR S, EBE, ERNTRTLE2Y->TWn3
EWSERD, COERRERREDEENZEETZDBDTHS.

BEzxrtnds, NILDBEO®ROEEMTMIIERICHETHD E NI R
TH>.

4 E8

KRELH—ZRNT, BLOBERSNCHRAFAEOREFHNZ. TO,
TV —DORERICEHEEEZANS Z&T, CPABIEZAAEE L. BBt &
CPARIEDRF IR DEREEZEL, TOMKE, 2RTNSRETA AT Y T2
[BHIENTEL. ZORKRIE, FIEFSNIHER 6] LBEVW—FKERL, kEL>
P—ORMEAZEREZXFTDHDTHS.
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RIS — AN THOROT A 2 h Ty TEMEL, HOKDOFEIR
B, NOBEEFELETA R by THEERA. TOBNOLD, B
REE ok, BREAEERLOLE ST, FRNASLLES AN, D
50, AOBREE L H—thEOREE BT ENTEAM T, U EORR,
A TR B B ARID DM I D NT, WhEL > — &R RS EH
[, R AT LOWEO TR ETRT 35D THS.

References
[1] #4FK: Kewpie news 239 (1998) 1.

2] BAMT: VIV K - o T ATEBEER 3 FBRPIAREE 1T RS - A
R (1991) 61.

(3] HHE—: BHOFE 39 (1977) 56.
[4] K. Toko: Biomimetic Sensor Technology, Cambridge University Press (2000).
[5] #BER 2 skEERFET D, AJIEE (2002).

(6] #REF #:V )V b - FA T AR E 13 FBIAFTR SR [ BT - B4R (2003)
117.

[7) MiEFSH, A0 %, #HF REIFEWIGE 117-E (1997) 465.

-120-



14 16 3

Evaluation of Saltiness Using Taste Sensor

Kiyoshi Toko, Kenshi Hayashi, Munehiro Iwakura, Takeshi Onodera
Graduate School of Information Science and Electrical Engineering, Kyushu University

Sumimary
Salt manufacture and sale began due to abolishment of salt monopoly, and then imported salts were
on the market in the country. In recent years, many kinds of salts are on the market; however, there
are a few systematic studies about saltiness of salt, and hence, proper use of salt has not been found.
An argument about taste of salt with or without minerals has been and still is a matter of
controversy among consumers since salt manufacture by ion-exchange membrane process produces
more than 99% pure NaCl, while bay salt produced by salt drying process contains rich minerals
(bittern called "nigari" in Japanese) such as MgSO4, MgC12 and KCI. The factors which would
affect salt taste are apparently believed to be crystal shapes, moisture contained and mainly the
above minerals. It is, however, difficult to evaluate how the minerals affect the salt taste

quantitatively.

A multichannel taste sensor which has several types of lipid/polymer membranes with different
characteristics can detect taste in a manner similar to human gustatory sensation. The taste sensor is
being used to discriminate various kinds of foodstuffs and to quantify taste. In the study on The Salt
Science Research Foundation in 2001, we examined saltiness of mixed solution of sodium chloride,
which contains minerals, and salts on the market using the taste sensor, which is composed of
membranes with long-chain lipids; therefore, it enabled us to make a CPA (Change in membrane
Potential due to Adsorption) measurement, which can measure the after-taste. Potential
measurement and CPA measurement had different information, and hence we obtained a taste map,

which is composed of two dimensions.

We here studied the long-term stability of taste sensor in evaluation of taste of salt, and compared
the sensor output with results of human sensory tests. As a result, we confirmed the high stability
because almost the same results as the previous were obtained for the response patterns and taste
map. However, we got no reliable result of human sensory tests; there was no definite difference
between salts on the market. It means that we can evaluate and control the taste of salts using the
taste sensor, because it is possible to detect a slight difference of taste, which is difficult for

ordinary persons.

-121-



	0210-J
	0210-W



