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REE P EAVEHBEI X IS EETREO ZIRMEICET 2B

BhERAFZeE B B OUNRERERE Y AT AMFER TR

EEFSIENEELEORE, TRE—DOOEEE L THEIN TR, REENO
—BEUTHEROFLA 1 B2 b THERMRELINE. ZOERMORIEICLD, H
W& THEOBERERITON B L5100, ELEAN5ORAEbTREN TS, &
DESIEHERL QRIENTRENS & 512> TERY, 25 DERMEIONTOR
HEREIIER RS T &R0, BEORKEII NaCl ERETHREIXIIN (I
MD) OEEE, BEERGTNLONT AL TEETHEINTRDA, ZO2K
Bl B L T BMAEML Z NETHDR TV, A0 SI3EKEEEL, REET
HER-HEDORIKETHD, MgCly, MgSO, FEDT P2 LENRE NN, CaSO4 KCI
EDHHED, EHRELDODTIDENDS. |

BB SRR ORSEA NS XA EEH LIS THY, THETIHRLRE
B OBARHROERIATONTND. EFIETIE, IVFF v RIVEKEL 52 AN,
EEF DU AR R B INA RS REE R VS ETIREIC DLW THIE 2T, &
BEORERMELIZHD OBERICONW TR 2T 2.

FRETIE, TIVFF o3 EREE 52 ANERARBEOERERZHIC, 20
HOMEAEE LT, ERAHTRUA 4 VREZABEDELAFERA VL. 20
FHEAVT, BRICAERTARIC OV TEORRIEC DN TRI o R, itk
DL RBEICIET 22 EMNTEE. AURICHD QRS EATFI&EO 2RO
WETEET2HDOTHD, ELAPFEROMTFEEZRNBIET, KN E2EDRED
HROFH B AR 2D bOEEZ BN B,
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KRV ERACEBEI X IV e a0 BRI 55158

BiEgesE - E B OWNRFERERE Y 2T AMEBRBHEISER)

1 MZREER

BRI EPEREEORE, FRE—DOBEERL LTSN TE ), Bflgio
—BE LTPR9E4A 1 BE D - T 92 EMFE T & HEFRMIREL Shiz, ZoEF
HOBEIEIZE D, ERNER CTHROBERTTEI TONS L2k, T s oAl
SR EN TV A [1]. DX ) IOEEEA DREFTHRENS L) 10k oTE22S, £h
L DERMEIZDOWTORMM LI Z R D10 XS, Lo CEE 2R D
THADE FIIBPN TS 2. AEEOZRMEIL NaCl L EFTHEFEI R TV (I2H9))
DIEL, BERTENOLDNT VAL > TELTH L ENTWEH (3], ZDERMIC
BLTEENLZIMIINT TITbRTwiw, I205) LidikEigm L, EEvifh s
Bleh L DERETHY, MgCly, MgSO4 HFEN~ T A Y 7 AEHRE VDS, CaSO4, KC1%
DI ER, EREL DD TIDEHEDH 5.

RE L T IEFROREEA D= XL EHE L2 HTHY, ThETIIHALE
i DHFCRDEREDBT DN TS [4, 5, 6]. ARFETIR, vV FF v AVERE £ ¥
FEREV, LT MY AT S & A 7 B IR R OB AET RE 1 o W THlE
ATV, BEHEOZRMEL IC2T) ORI OV TR 21T 72.

2 MRAE
2.1 AlEXR

WEICIE, 77 VR SA02 RBREE LAV, ZORERKRIDEE, »v M7,
T ZWBEE L DR SN D, RIMETIE, ThEWRE/ S0 FEE Mo 7RO
Tu—T7ZRBEBE O VY CTREABEOREMZRET 5.

PRI FEME & L TR YR E =y (PVC) Wz, PVC IZWEH L ORAL
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REZAHIET, BEFIEEE 25O THERR L THEVSITEZENTE, TE,
BIEOES S, BOBART EOETENTWA, PVC IE—fRIC, MgHE L LTLE
HBNTVDAS, 44 VBREBBROIFMHE L LTHELEDIL TS, SRIORETIE
DA X (B AAENLIEEE LM L7z (Table 1) . JRE DA (ch.1), OA (ch.2),
DOP (ch.3) »b% % 3oDJREEIZ—MKICEICHELTHBY, IHE 37 (ch.5), TOMA
(ch.6), OAm (ch7) H5%AIREBMEBECHELTWDILdD, INLOMEKEZ
NENYA FARERBI T I ARBRELELEZ L LTS,

+
Buffer amp.

| |
Digital
voltmeter

100mM KC1
+agar

Working electrode  Reference electrode

Fig. 1 Schematic diagram of experimental setup.

Table 1 Lipid materials used for the membrane forming process.

Channel Lipid Abbreviation

1 Decyl alcohol DA

2 Oleic acid OA

3 Dioctyl hydrogen phosphate DOP

4 DOP:TOMA=5:5 5:5

5 DOP:TOMA=3:7 3.7

6 Trioctyl methyl ammonium chloride TOMA

7 Oleyl amine OAm

2.2 BlEARE

T, LUy ERERETREL, RERBOEN (Vo) 2HlETS. TOHREEL R
LEBMIRETS FIEEDOENETOF ¥ FIVT+£0.5mV EN) T CHERROREL
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BOET. RIZ, YOIV TEHHEREL, Y TVOBMENET S, T0%, %
WE2MEMEDELAT). EEL LTHLNIILEERMIE, F Y IVoREEL (V) »
LEMER (50mM KCl) D&M (Vo) 25w/ (V-Tp) THbH. flEdo—5—vav
WET4ETo7. ZZTu—F—Vvavfllgt R LEofEFIETETOY Y7 vE 1
FODHIETAZLTHA.

2.3 BIEF

BATRERE LT, MAROETFVERBEZSZITL 2. K WEE LT, CaS0,4-2H,0,
MgCly-6Ha0, MgS04-6Hy0, KCl % IV T, Table 2 IC/R L7z &igERHEL, Calt,
Mg?t, Kt 05 b—HHF -3 “HEEOMAEbE THEEZIT- 7. RFI1 (S) ik
BHROBEICIZIZEY TS, FLROBENIEVRIIZ (L) TOEREEEMLTICZoTH
3. 2B Mg* oW T, MgCly-6Hy0, MgSO4-6H0 I2BW\WT, ikififle LCENL
H103 0EETRE L.

DF, &) 0fAAHEIE Table 212355 S, M, L # AWV TKIEEZRT.

Table 2 Concentrations of minerals examined (mM).

1(8) | 2(M) | 3(L)
K+ | 025 0.5 1
Cat | 0.25 0.5 1
Mgt | 0.75 1.5 3

RICHFE W= S % Table 3 18T, HIEORIE I L Tld, Mg?t:Ca2t=LL
KU 120mM NaCl # MMz 7-RE 2 EE/S— L MIBEL, Z2OHERHHEL L TL&HE
MR DBEERE L.

3 MEER
8.1 ICAY)HEDER

Figs. 2, 3, 4 IICH Y WHOWERRZRYT. RIIHEEMICF v 2V &, H#ILcER
MERL TS, FICO)YWHOBREORIMICHE, <4 FAMERTHS DA (ch.1),
OA (ch.2), DOP (ch.3) IZBI} B IeEBMIZIEMEAIHEMLTBY, 7IAMEETH 5
3:7 (ch.5), TOMA (ch.6), OAm (ch.7) TIEHICBEEMITBA L TWAH, Zhid Ca?t,
Mgt BEU KT LviozlA 4 35w 4 T ARERIZ, S02-, QI B4+ v H7 7
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Table 3 Salt on the market.

Sample no. | Brand name | Sample no. | Brand name
1 Hamabishi 9 Fukushio
2 Tenpien 10 Mukashien
3 Kousoen 11 Hakatanoshio
4 Tomishiroen 12 Setonohonjgio
5 Isoshio 13 Arashio
6 Kuroshio 14 Ajishio
7 Kaisuien 15 Helushio
8 Shinkainohana

ATEBEICEELTWAZ EERLTNA,

PEDZERE, BICvA FAFHEBICBWTRIID ) WEIEEDILEN Y — 5
ENTHBY, TVFF v RVERELHE2HANT, ALY YEIEINTRTDH S
CENbhL. T Ca2t OIEEE Mg X DEVICHEDL LY, A FAMERICBW
THEWEEEFRLTWA. It Cat 4 4 Y MEEIEICRAE L7720 TH Y, TOHRR
HEADRELAEE L bBEROH LD EEZbNDIY, BEREDFELZITIRIZIZZO
 EOZENLETHS.

100 80
60
80
; —~
€ Y
60 | =
T £
= =
g g
(=% (=%
Q
‘B 40 B
g g
o g 0
20 —o—0.75mM
-20 —-a—-1.5mM
-+-A-- 3mM
0 -40
DA OA DOP 55 37 TOMA OAm DA OA DOP 5:5 37 TOMA OAm
Channel Channel
Fig. 2 Response patterns for CaSOy. Fig. 3 Response patterns for MgSO4 and

MgCl, at the molar ratio 3:10.
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120
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20

Electric potential (mV)

-20

-40

Channel

Fig. 4 Response patterns for KCL.

3.2 120mM NaClehiCH T3 I2H WHBEDRIE

%I, Table 2 127R L7204 ) 4K 1 #3% 120mM NaCl#E BN 2 72 ERR & Figs.
5, 6, 7TIRT. 2 TIREEMIE 120mM NaCl DJLEBM L DEFE L>TWAh. TN
Ck D omV idkik e tERE R L, 0, SOV WEEZMAZ LIS L AIERMOREAL
b, KA PHEMTHE L 31 EHOBRELLBT 52 EHFTRRTH S,

Figs. 5, 6, 7 &0, Kt OEBRERTEE, 31EHTELNZIIH ) WEER DOIRE/N
= T4 FANEBEICBVTESNTHEY, 120mM NaClH12 0.25mM A6 3mM 72

70 12
60 10
a 8
o AN
50 S 8 I © ——075mM
s N [~ 2 — - -15mM
E w E A
=] = 6 /" \ ---A-- 3mM
g | ;
g 30 ﬁ‘..=’
g 2
L o 4
g g
o] o]
2
10
0 0
-10 -2
DA OA Dop 55 37 TOMA OAm DA OA DOP 5:5 37 TOMA . OAm
Channel Channel
Fig. 5 Response patterns for mixed solu- Fig. 6 Response patterns for solutions
tions of CaSO4 and 120mM NaCl. composed of MgSO4 and MgCls at the

molar ratio 3:10 and 120mM NaCl.
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Electric potential (mV)

-0.5

DA OA DOP 55 37 TOMA OAm
Channel

Fig. 7 Response patterns for mixed solutions of KCl and 120mM NaCl.

BEINTVWALIHYYWERHNTELZ LD b0 s. FFig TIORENS LI, KT
DIEBEM & 120mM NaCl & DESEMIE, MO YYWE LB TFEIISLS, B
BRMIZIZIEE A LTS LTV ARV D EFEZ HNA, KIZ 120mM NaCl ikt LT, Ca?t,
Mg, Kt ®9 b, “HEOIH) ZMAELETMAHEZITY, TOMREELCE
BRIz OW TG 21T o 7.

3.3 EMRMEDFH

120mM NaCl I23F LT, Mg?t:Ca?t, Ca2t:K*, Mg?t:K+ OflHa bt T 72508
VR L, WEZITo72. WEHEERD D B, Ca2t: Mgt IZDWTDAFig.8I1Z/RY. S, M,
Li3Zn 2N Table 2 ISR I WHOZREZRL TV A, Z2TH 120mM NaCl &
DESEME L oTVE, ZORKERZEEICERUOFMII OV TR 21T o 72,

Fig.9 3 LEUHRZ HICERDIM AT, ZOHE—ERSTH S PCLIST L, FiH
DA FVEEERLIZODTH A, %8B, Fig.9 Tld Mg?t:Ca?t OFROA Ty P LT
Wb, 54T VDOBEANDRERER LA F VHBESRORXNTEAONLEL L),

1
I = §Zzi20iai (1)

2 XBER, o EENVBRETHE. TH31HTENL LI, Ca?t A+ OIFEEN
@W%%%ﬁbf,m%mmﬁﬁtbt.::?u%w+=mtu,%@M®4¢ym
LT3 =1&07 EESOWITTLEIANT— 5%, D REZ LL, LM
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Channel PC1 (mV)
Fig. 8 Response patterns for mixed solu- Fig. 9 Correlation between PC1 and ionic

tions of MgSO4 and MgCl, at the molar strength.
ratio 3:10, CaSO4 and 120mM NaCl.

SS D& 49 DRAEHET, Mg?t:Ca?t, Calt: K+, Mg?t:K* I3 L TZNENITH 72
2T HDPERERTH 5. Fig.91cBWVT, Mg?t:Ca?t 14T 5 FHEE # SEHR IR
TREFAOCERRO L ) IEH s,

y = 0.87z — 12.39 )

ZZT, ik PClL, yiIxX (1) OBKTOA 4 ViEETH 5. 120mM NaCl IZ2WTA
TEE DESENE L > TVREIENL, RIFDERE%S. Fig9»rbbhnb k)Iiz, #ll
EEIXICAT) OWER KL TIRIZERALIC7Oy FERTVWE, 2OZERL, 0%
WFEEHCT, W) 2ECREEOERELEENIGHETE2bNEEX LN,
DRen#ETIE, ZORSRBECOWNEMELEE (bosL) L, BREOHENT21T-
Twnw{,

3.4 TIRIED ERREH

' Fig. 10 \< 15 FBEOTHEHE (Table 3) 133 2 MEHELTT. 2B, WERHHOLEHRE
RO R IATb Nz, FERIZ 120mM NaClIZH§ BIBE B/ L DESE Lo T, F721H
FEORIEMEICKT LT TR & ) ZLIEA1To7:. Mg?t:Ca?t=LL, Mg?":Ca?t=SL RU'% -
METHBUE % M ICHE L, &0 Mg?t:Ca?t=LL OHlIEE L, 3.3 THHHE Mg?t:Ca?t=LL
E DB O RIEFE R ED Iz, ZORIEFR% HKIC Mg?t:Ca?T=SL ORIER] & %K% U8 3.3 i
DHEHE Mg?t:Ca?t=SL D=2 DIEE /Y — VIZOWTRLAZDH Fig. 12 TH 5. ZOF
Bob, B2BICHE L-ERERECELTODRENSENTHY, EENLESTHL
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DA OA DOP 55 37 TOMA OAm
Channel PC1

Fig. 10 Response patterns of salt on the Fig. 11 Result of principal component
market. analysis applied to response patterns for
salt on the market.

70

6 | m —o— Standard
/\ Mg*:Ca™=SL

—B3— Mg™:Ca"=SL measured

—~ / \ simultaneously with salt
2 / on the market
E w0 /
g / \ - A -Calibrated
g / \ Mg™:Ca=SL
3 30 |
o
2
=i
§ 20
3

10

ol m==Faf

DA OA DOP 5:5 37 TOMA OAm

Fig. 12 Certification of calibrated experimental data.

BoTWET LHbI.

2T, Fig 10 DFER LY, 7VVF, AVEORE /Y — Y i3MbOHIIE L £ > Tn
BT Edbrs. THRTIVADPRE)DORDbYIC) TRERT L NVY I VT MY
A EEHR, NUVBIZICHEYWEICME, ZIVBEECLRE, FNEIINY) DALY
BEEBL TV THALEEZLND.

Fig. 1113, &Y — % ZOWEENT LI %5 & 9 ITHIRL L7 lUE N E R R © 212
FERSIHEIT, FDPCL (87.9%) RUTPC2 (7.2%) IZDOWTRLIZODTHA., F
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S OMER, ) 2 EUEE LIV UNOWE L ECEIEL RIS TE TS

D, TIVFRUANVERIMOTHIE L X7V — THRELRBLZ DI 5B, 12H) LD
PWEEAEUCREEOERMZF I 2L IR@EL TR WD, DToEEDEWRMEEEMm
WZBWTE, XY DA EUREEICOVWTHREZ1T).

Fig. 11 CR&NB LI, ERSOMLVELNEICAY 2 ELREKEO 7Ty Mz
EHEEZRLTBY, PCLRUPC2 % AWVTI S 20 ERFMAMTZZ ) Th 425, F
IR L7z & 912 Mg?t:Ca?t=LL, Mg?t:Ca?t=MM, Mg?t:Ca?t=SS D7 — ¥ /I3l
KHEEERLTBLT, I)ﬂiﬁﬁ:‘?ﬂ?fft)"ﬂi%lﬁ%ﬁﬂ)%ﬁﬂﬁfﬁ%Llﬂ ZENbRL, #oT
33ETHWEA T VIREERHARDE LW FETREDRRFMZT).

ZHTHIIED PCLEZ BT 572012, 3.3H TR LAKET ¥ OFEASHICBIT
DEREREA L7z, TRZX DG EATHLRERE THoTH PCIAKE L Z L2b,
KQR)EHAVAILTAH VMELRBLI LI TES. o TFig9 DFERL HICHEE
DOEWMFFMZIT) S LA WL 2 5. PCLIIUTORICL KT S,

7
PCl = Zai(vi — ;) (3)
i=1

ZIT, a WA, v 3 F v 2NV i CBITBIREEM, v 3F v RV I2BF5 120
mM NaCl DIGEEMTH5H. 33ETOHERD,S, a = (a;) 1% (0.632, 0.281, 0.686, 0.094,
-0.049,-0.055,0.191) & L7z, 7z, 5K (2) IKBWTFig. 9 DY ZF L L, 120mM NaCl
(FRe72380K) 2 HIZAT) 5N 2 Z L I2K D RO RILIC OV TRl & 47 o 7.

UL DR A FITAT o - IE O 2RFHE % Fig. 13 1R Y. (S50 W OB BN
By, HikeZtERD S D2 LML T A, Fig 1313, no.7 DHHIEAI R L IZAY D
WENEC, nod ZHICRIENILEZRLTWA, 22T, A\HOERL OBEIZDOWN
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Fig. 13 Evaluation of salt taste using PC1.
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THAS, NaCl Ol L LT, RN OV PEIVBETH L0, COR[LEEZER
IR Y LT 20 L, AL, BASRE LTV X2 (2], 0% 2Rk
DEHRMEITLLDEEL G L TWA I END, I TIHERL, Fig.13 Dfftshe " Fikk
¥EmE D & DZEL (Change from pure saltiness)” & L7z,

4 EE

CA) R AR —EEITRAE A O TH S LIS NG I ENSV. 2H) RS
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% & b EHOERIE S NE — D OMBEAMEI R LS > T0DbDEELLND,
KEFGETIE, YT F 5 R VEBRE £ o 1 R R DR R & 21T, 20k
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FEE AT, A0\ T 2 DRI D W CRE 217 - 7468, JEk
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kDTS TR 5 b DEEL BB,
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Measurement of Saltiness with a Trace Amount of Minerals

Using Taste Sensor with Lipid Membranes

Kiyoshi TOKO (Kyushu University)

Summary

Saltiness elicited by salt is one of the basic tastes. However, components of salt on the
market differ depending on manufacturing processes and its taste as well. Salt manu-
factured by ion-exchange membrane process is composed of more than 99% pure sodium
chloride, while bay salt contains trace amounts of minerals. Despite reports on sensory
evaluation, the differences in taste are still uncertain because of a small amount of miner-
als. We studied the interaction between salt with trace amounts of minerals; the bittern
("nigari” in Japanese) was evaluated objectively and quantitatively using a multichannel
taste sensor with lipid/polymer membranes.

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 sensa-
tion. Taste information is transformed into a pattern composed of the electric signals of
membrane potentials of the receptor. The sensor outputs are not related to the amount
of specific molecules present, but rather to the taste quality, because similar patterns are
obtained for substances producing the same taste quality.

The model samples were composed of sodium chloride and a small amount of nigari
such as magnesium sulfate, magnesium chloride, calcium chloride and sodium chloride.
The taste sensor clearly discriminated each sample according to the response patterns.
Based on the sensor outputs, we evaluated the taste by means of the combination of
principal component analysis and ionic strength. The results show that the change of

taste from pure saltiness with nigari can be estimated quantitatively.
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