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W&, ENESHTHEORERFENTOND LR Y, TREANPLOBAE LT
RENTNWS., 20 L ITEERLA DEERTFRIND LR TE D, b
O EBRMEIZ DOV T ORI RIFEITES 2 BB I2TE 2. BEOEHME NaCl &
HETAHEEIRT L ITHY) OFEEL, BERUVENLLONT VAIZL > TE(L
TEHELENTWAR, TOEKREICEL TEENRIFMIIINE TITOh TV,
WD LITEAEEEL, BEETHIEEHLEOBEKRTHY, MCl, MgSo,ED~
TR MENREVH, CaS0,, KClZEDELER, ERELODTIDOLENHD.

REY o —I3ERKRORZIREA =R L EFH LIz —ThHY, THETIZ
Bx p R OBAIRLHEDERELNITON TS, Ek 11 EED VL « AR
e EBIR TIE, vV FF ¥ RAVARE =2 B, E{ET MU U AIZIZHY
k4> % I 2 7o B A5 TR R VSRR T RIS DV CRIE 21TV, BHEORIRME L 12D
DOERIZOWVWTHRAEITo . TORE, Ca¥OMRE2EEBNICKRHRTHIZ LN TE
7R, IBEEICRIEAZHOBEWVEEEZHAVWTEY, #WK%EZHE 5 CPA (Change in
membrane Potential due to Adsorption) BIENTX2holz.

A TIE, BT —OZABEIREEEE R FAVDZ &, CPABEIE % FIHE
Uiz, JEEBACEHAIE CPA BIEDONFIXEZDBEHREEZF L, TOMKRE, 120mM NaCl
IZICAN Y RS EETER S NSRRI L, 2RTbRETA ATy T2/D
T ERTEE (Fig 1), BTIMEIZ Mg :Ca¥* 2 FE L, S, M, LiZZNEh Mg DA,
0.75mM, 1.5mM, 3.0mM, Ca®*®3&, 0.25mM, 0.5mM, 1.0mM ZEBKT 5. KRBV
—IC X BREIEE, 725 T A TR R RBINR DD RIS 22RO E VD ORRA
HEETHEDT, EEMN - BENREOLETM FEETO LN TES.
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Fig. 1 Saltiness evaluation using taste sensor
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T JUNKSERZERE ¥ 2T L EREFEHER)
wen (FUNKSEAEERE V2T b EERE TR

1 WMEE

wEEEIEREELOEE, FRE—DOBEL L THRFINTERD, KR
MO—BELUTERIELA 1 BE D> T 92 FHEE ENT E-EEEAIRELE SN
DEEHOELICED, BNSH TEOBERANMTONS LR, Rt
b>b®$ﬂu7\fﬁ‘€>ﬁiﬁﬁéﬂ'€bié 1] ZOX>SEFEBLORENTREND LD
o TE7RN, ZR5OEMREICDNTORRNAFEIEAZR2ICTES, LE
o CEE A ENFEOE S BANTINS (2] BEOZRIER NaCl Z35
FREEIRSI (Faty) OBEE, BERFTNSONTVARE>TELTS
EENTWBMN 3], %@%%ﬁliﬁ*ﬁbfﬁ%ﬂ‘]ﬁﬁfﬂﬂiCﬂi?ﬁ’bﬂfh?’lb!. ES
7=, IRk EEEL, EREEITHEIERD LOEETH BN, MgCly, MgSOy
mpTH LT MENSES, NaCl, KC1ZE0HEbHEH, EREDDOTIDELHD.
B T — AR ORSEAN AL EER LY —THD, TNET
ICiE 4 T REOEICEOE BTN TS [4, 5]. FRILFEDVIVE - TA
T AFEHEHRTI, TLFFrRVEREL 2R, BT M TAR
1T B4R A AR R O EIREIC DO W TEEETY, BEO2HEC
A0 OEEIT OV TREET o7 [6]. %t_'C%bﬁtﬂagﬂﬁﬁﬁﬁﬂ%*”(?)m’{bkfﬁﬁ@
ENbDEFEALTWE. #oT, Whids CPA (Change in membrane Potential
due to Adsorption) 725 (&%) ZEIBEHEIZTTS ZEMNTERMN 7. CPA FH
IEEEOEEMHERELERSIEREET ST EWRENTNWS [7]. TITH
B TIE, CPA SHEIZ ST 2EHIEE2RELCZERERRET 52T, WE
I RITNHDEKRDEELERSL.

-117-



13 | 15 3

2 MEAE

2.1 AEZR

BIFEICHE, 72U VB SAL02 KBHEREA V. CORBITREH, N> RS-
=, F-YUBERIOEREIND. BRERTIE, TNTNEE/&EH TFRZE-Z8
KO H—7TO—TEBRBEMEOE Y —HTREBECEEMNZEETS (Fig.
1.

JeEEIITEHMEIE L TRUEIEEZIL (PVC) AW, PVCIZRTER & DR
BHEEZDIET, HEEZIIWELRBIOTHRISUTENRITE ZENTE,
REHE, REOEZES, ROBNDPTIOATENTWS. PVCIE—R&IT, #EEM
B ELTELSFEODNTVED, 14 VBREEWMOSFMEIE L THAIELDATY
3. SEOAETIIHEORE BERZRENZIEEEZEA L (Table ) . [EH
Pa (ch. 1), 2C10 (ch.2), 2C10 (ch.3) M523 3 DOEERII—RICAITHESE
LTHD, JSETDAB (chs. 5,6) DORIBERIIEICHFEL THWBH I ENE, T
NSDEEEEZTNFNTA FAWEEBIO T IAWMEREER I ELET . 135,
A #EFID DOPP 14 di-octyl phenylphosphonate, NPOE i 2-nitro phenyl octyl ether
TH5.

+
Buffer amp.
I 1
Digital
voltmeter

y

Lipid/polymer
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 2C10:TDAB=9:1 . DOPP 9:1
5 Tetradodecyl ammonium bromide | DOPP TDAB
6 Tetradodecyl ammonium bromide NPOE TDAB

2.2 BEFE

Fig. 2 KEIEFIEZRFY. £7, Lo —HEE%EK (50mM KC) THEL, £
DB (Vo) 2RETS. COREELRIBANEET S MEEOENETO
CF e R TEH05mV BA) ETEEROBEEZEVERT. KIS, TN TR Y-
WEHEIEEL, YOOI BB Y —HED), TOBMEZEET 2. TO®,
e E 2 EBDIRLITS. £7= CPAEIKE (HEKLEFE U[LEMER) TEM (Vopa)
ERID. BAE (Veps — Vo) DEROPEZKELLZ CPAETHS (7). RLBE
BELTESNBHEEMI, Y TNVOIREEM (V) HEEEEROEN (Vo) 2
BlnE (V =V ThH3. BlERO—F— 3 VBIET4LEfT>Z. JITO—7—
T a VEEER EROBEFIETETOY TNV EIERTDHEETLHILETHS.

%*%*%*g*é*%*ﬁ
1 2 3 / )17 5

Fig. 2 Measurement procedure.
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2.3 HEHEH

AR L LT, RAOEFIVENESEIC L 2. F#E LT, CaS04-2H,0,
MgCly-6Ho0, MgS04-6Hy0, KCl ZAWT, Table 2ITRL-REEEREL, Cat,
Mg*, Kt D3 b —EEEFLR-BROEAEDOE THIEZT 2. K511 (3) &
WAEFORBEICIZIFHEET 2. ELKRHBENENRSIS (L) THERRELTIC
2o T3, 728 Mgt IZDWTIE, MgCly-6Hy0, MgSO4-6H0 ICBWT, ki
FlELTEIVE10:3 DEIETRE L.

EUF, RO BEHEE Table 21255 S, M, L Z ANTEIRBEZRT.

Table 2 Concentrations of minerals examined (mM).

1(9) 2(M) 3(L)
K+ 0.25 0.5 1
Ca’t | 0.25 0.5 1
Mg?t | 0.75 1.5 3

RICBIBICA WS BHIRE S Table 3 12777, XFOLEM 45| O EIT Nat,
Mg, Ca?t, Kt O 100g FOEE (gX/ldmg) 2XT. LB IERD
ICZEQRB RN oI EEEKRT S, HREOEIEICEL T, Mg?t: Ca?t=LL
KU 120mM NaCl A7z OBREOEE A UEERRFEBT 2L T, BIEY
>IN EEfE LTz, Table 3 OFEM 3 F3F DAHE TS HIEKRD Mg, Ca?t, Kt
DENVBEEZSEETRLTNS.

Table 3 Salts on the market.

B2 Na(g) | Mg(mg) | Ca(mg) | K(mg) || Mg(mM) | Ca(mM) | K(mM)
WEOEFALS ok 290 160 3540 0.84 0.28 6.35
ﬁjﬁ Hokk ks EE T Hekk — — —_—
BH 0K 37.5 110 90 50 0.32 0.16 0.09-
FREOXRE 36 550 20 35 1.58 0.03 0.06
FHE HSRRH 37.4 332 108 157 0.96 0.19 0.15
IERATEE WO (HR) 38.7 110 98 42 0.32 0.17 0.08
HET—2R 27.9 2600 1150 832 7.49 2.01 1.49
?ﬁt]\ 5 g)éa% ek kskek Bt sk | —_ J— —
Lo 1028 35.4 90 180 30 0.26 0.31 0.05
5REE TS > DE 38.1 100 290 - 50 0.29 0.51 0.09
FE - LSRG EEEE () 37 66 56 20 0.19 0.10 0.04
g% XBE 25.5 900 Hak 13500 2.59 — 24.2
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3 MEER
3.1 HBHIXRSIEPDBERADRE

Fig. 312, KT, Mg?, Ca* A4 &R (S), TEE M), $E (L) KEUHE
OHREL D —DEENY— &5, BB, T TIVFIC 120mM NaCl ZEFAT
Wa7®, 120mM NaCl ZREED, ZORENRY—2EEZLENWTVWS. BR5DH
MBEBD, TIAMEE (chs. 5, 6) ISEZRSNRW. Ca?t ld Mg*t ©1/3 D
BELNMMENTHEVICS2DD ST, ch. 1 ®ch. 27REDT FAMEEIT 50
~T0mV HOKERISENR SN TS, Z3UE, #iE 6] EFELzEBD, X1
AMBEADHANI T LA A OEEERBL TN HDEEASND. K, KF
£ A URSERFEFYOEICEEE->THY, A LZEBE TIEEREREN SiEm
TE5.

100 ~
80 | —O— K*S
--@ - KM
’>g 60 L — KL
= —— Mg2*+s
B 40 - % - MgZ* M
Ko —e— Mg?*L
= 20 |+
. Ca?*s
0oL e am - CaZt M
. —= Ca?* L
_20 1 1 1 | 1 J
1 2 3 4 5 6
Fr I

Fig. 3 Response patterns for K+, Mg?* and Ca’*.

3.2 Mgt & Ca?t BPHEFELTNSDSE

K, Mgt & Ca?t BMEFEL TWEHED[KE/SY — % Fig. 4ITRT. 48,
T2 Th Fig 3 AL, 120mM NaClIEEADISE /S5 — > EDEAERS> TS
£72, ch. 4 QEBTENMEN o), F—IDSBILE. BRSshh2EII,
A FRABEEIZF SN Cadt KBDBLBEL TN, MERiud, Mg RE
CEREIC, Catt DL, M, SKEUTIHRE /NI — 2k EL o TNENETHS.
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Fig. 4 Response patterns for mixed solutions of Mg?* and Ca?*.

Fig. 512 CPA BIED#RZE/RT. Ch. SITHEEITRNEHEENHEN TS, Chs. 1
L2DIEEIR, Fig 4 M4, Ca’t BEZRLTWS. EI32%ch. 3 TR, BEIT
Mgt ®L, M, SIfE>2TWn3s (Mgt OLIZAWNER) . DFEV, ch. 3OCPA
B Mg*t DFRZERL TS, BaAIZ, ch. 2 & ch. 3 DEWZ, EHLETE
FDBENTHS.

Mg2+ : Ca2+
—e—LL
- ML
——SL

— LM
-X--MM
—@— SM

CPAfE (mV)

—— LS
-%--MS
——SS

F¥ I

Fig. 5 Response patterns for mixed solutions of Mg?* and Ca?* by CPA measure-

ment.
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77T, BEEBM (Fig. 4 & CPAE (Fig. 5 D% 1ERHZ, TOHLTNFig
6 OIS HENRT. ZIT, £ 1 xRN, SEERTO—ETH 2ERSS
FAEF—FITHLEEEOELBROREVESEZERT 5. TROSITELELD
B8z DHATOEHTET OIERAREFEO—DTHS. SREREL T —H
HOD 5 RTLEMERE L KT TELEDTTHS. DED, KELT—OEEOR
EEEELEZEBZIZLN. Fig 6 OREMAREEM T, #MEd CPAEZERL TW
3. MEBZEHEONAALDIC, HMENT Ca2t BER, H/oTMENT M*T BEZKX
BLTWS., DD, ZONIE, HOKZE Ca?t & Mg?t TRRELEREEAS.

107

S8

o L

= 6t

U I~
4 L 1 1 1 ]
20 40 60 80 100 120

HxtE (PC1)

Fig. 6 Correlation between PCA of sensor outputs and human sensory evaluation.

Fig. 610, MASICEBEEREOERE, EEOTEREDE TS, B
HicksE, LL LM, MM, SS®4D0Y T IEA5enE] © [S5HEK A
B DED, EEY LY THNEERA S REONAR O AR LICES DR
ERHD, ENWDTEITED.

3.3 THRIEDK

Z 7T, Table 3DHIROEEBID, Fig. 6 ICERAZON, Fig. 7TH2. BB, &
)35 — 13 Fig. 810573 (CPA BIEOHERIIEIR) . Fig. 150 5EBY, &
) EEICEDFS, 120mM NaClICEBIEWRENZ D, £z, TRBY—A) =8
LLEDRNMIBICHD, TORAERESRTS. TLERREBICHD L, &d
FB0NREEB VLS. Fig. TI3EOkE—ETRT T A ATy T (kD #ED)
TH5.
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Fig. 7 Saltiness evaluation using taste sensor.
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Fig. 8 Response patterns of salts on the market.
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EHEIEE LD E SICEMREENREEINTVD LD, BEAAKRREET—IZLD
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PEDES, SBEELH—2RNTEHOKRDOT A MYy TEHEEL, &
OEOFHIC BT TEZEMTEDY, ADBREEMELET A A My TRREE
BT, EWS0bH, ERMICE, Ca2t ® Mgt BAERENKTH BITHNH
PoF TERBICEDE, Fig 6ICbRLEEBYD, BEED Ca?m © Mg*t DIEA
@UL%EE&%%#%EH%T%#BT%%.%E%h,ﬁ§®0¥+%M§+®
ﬁlﬁ%%%<?é%®f&%5ﬁ,m%wNmm(ﬁ%)ﬂaawiﬁt%Eﬁﬁ
HoTW DD, THRSEEVEBERLANEVWTZVEETSHSD. FOKRE
iRk BRI, BEE - EEEOEVDOTHEINS, &, BEANZX
A DFRER EFSIC AQEREE OHBEE & DEND, PIREEDDIEPFETHSS.
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Evaluation of Saltiness Using Taste Sensor

Kiyoshi Toko, Kenshi Hayashi, Munehiro Iwakura

Graduate School of Information Science and Electrical Engineering, Kyushu University

Summary

Salt monopoly was maintained in order to protect and to develop the industry of salt. As
one sphere of deregulation, it was abolished so that salt monopoly has been continued for 92
years at April 1, 1997 in Japan. Salt manufacture and sale began due to abolishment of salt
monopoly, and 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 MgSO,, MgCl, and KCl. 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 discrimination for various kinds of foodstuffs and to
quantification of taste. In the study on The Salt Science Research Foundation in 1999, we
examined saltiness of mixed solution of sodium chloride, which contains minerals, and salts
on the market using the taste sensor. However, after-taste was not measured, because the
lipid/polymer membranes were composed of short-chain lipids.

. In the present study, lipid/polymer membranes of the taste sensor were composed of 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. In case of using log-chain lipid, the long-term measurement is
possible, because it is certified that long-chain lipid membranes have long stability more than
short-chain lipid membranes. Furthermore, we can evaluate and control the taste of salts

using the taste sensor, because it is possible to detect a slightly difference of taste, which is

difficult for humans.
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