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Temperature Dependence of Umami Taste Reproduced Using
Multichannel Channel Taste Sensor

Miki Yahiro Shu Ezaki Satoru liyama

Abstract

In this study, taste solutions containing umami substances were measured at 25°C, 10°C, and
60°C, were also evaluated by sensory evaluation, and their sensitivities were compared with the
output of a taste sensor. The temperature dependence of the basic taste was measured at different
temperatures using the taste sensor. The response to saltiness, acidity, and umami solutions other
than bitterness was larger at the higher temperatures, but the response to bitter solutions decreased as
the temperature increased.

In the sensory evaluation of the basic tastes, the results of the taste sensor showed no clear
temperature dependence for saltiness, acidity, and umami, in contrast to the results of the taste sensor.
In the case of umami, however, different results were found. The sensory evaluation of salty and
salty solution mixtures indicated an increase in taste intensity at high temperature. Since the taste
sensor and the human sense of taste did not match, the temperature proportional component of the
sensor was removed. As a result, the temperature dependence of the taste sensor output for umami
matched that of the sensory evaluation when it was a salty solution, and the same results were

obtained for the other basic.
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Fig.2 Measuring system for temperature dependence
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Fig.3 Potential difference with change in concentration of basic taste



NaCl 30mM Tartaric acid 3mM
3 T T T 3 l I I

2r 1 2 0\\\\\{y/////o .

3 1 ' : : 1 ' ' I
§ 10 25 60 10 25 60
o)
o
= .
‘g Bitter substances MSG 3mM
= 3 T 3 T T T
>
m N
2r N 21 ‘
| —O— Arginine
----@- L-Tryptophan 4 = 7
—/\—Qunine-HCl
---#--Picric acid sodium
1 | | ’ | | |
10 25 60 10 25 60

Temperature (°C)

Fig.4 Result of sensory evaluation

— i BRSO OR A IR A D TR A WRIEIR OREIZ X 2RO BREFMiAZ 2 nETL
[FERD T E TR~ Tz, MSG & & TR G RIAIRIT S U TR BRSSO LI R &
X518 LTz, TIHRERDOBEMETERICOWTIIEM THRD SMAERD RN &b Bk
MEDEIRERTHLONERHFT D ENRBETH D Z & B¥bnolz, BRIFZL O/
FICOWTHIEL, B LY SR LG DR THD O 2 ERE, BEWEHEE LIRS
WRIZLTcb &Y T e45Z LT 10mMMSG 12 30mMNaCl 2z Th, fHAZE



AR E IREIC LRI SR> 7208, 512 0.1mMIMP 2z % &, bk
W ERBRICERIZERS BB U DR L o, ZOMFRIE, MSG & IMP D
FRHRICLY BN REINZT-DEEZLNRD,

T
NES IS 1 5l©

Estimated taste strength
N
T
|
[ ]
T
|
[\
T

I I I I I I I I I
10 25 60 10 25 60 10 25 60

Temperature (°C)

Fig.5 Result of sensory test for “umami”
(a)10mMMSG (b )10mMMSG+30mMNaCl
(c) 10mMMSG+0.3mM IMP+30mMNaCl

(3) BER & YIRE & BREIHME & DRI

SRR D 72 OB RERTAR O SR I3 2 IR AR AFME 2 W2 o ORISR 26 &
HEEL7ZDORK 6 Th D, WY Y OEBICxT 28I XTITIREICHFIL TnD Z b
235, NaCl ORI DWW TIE, BEEMISE ITREIEZ I L, BRERHE & i 2 &
BEERFMED RN ENoh D,

WA B RIEIR ORI v HIRE & B REREM & OBIRIC DWW T 7127 T, K4 T/
U RY A (MSG) @ 10°C, 25CE LT 60°CH MSG s L, WKt H o
IEEERDTEEZ S, 0.1mM 225 100mM O T, #E OIS L ORIEEBRAY 225
BRENS BTz, pH BROKEENITIEEIZLHT2H808 —ATH A58, EE
H O MSG (2T 2 BRI 7 18T L DR EFITx U CHFIBHR L v 3 Ly g
PRSI, MSG DA DI FEKAFIE S TR BN IS 5 JIl3 2 & BB He il L
RNZ Lot EHIC MSG IFIEEREA~OWENRSH D Z L Bbno TWDHR, Zh
IHEE NI~ E R A VAL Z E TRREBZETHLERZESE LD ZENTE TS S
LB TIEARW D EHERI S 4 5005



Estimated taste strength

Electric potential (mV)

(=]

O
S

| | | | | |
< 70F d
| E .
S, 60F 9% °4
X (o]
_ Z T 0O i
2 S0 -
(]
wn o 4
| 40+ -
| | | L | | | |
10 25 60 150 200 250 300

Temperature (°C) Temperature (K)

Fig.6 Temperature dependence of taste sensor sensitivity to NaCl

350

T T T T 28T T 1
= | i
g
~ 24 .
2 L i
=z
= 20 N
2 7| _
wnn

16+ .
| | | | 1 L | L | L | L
-4 -3 -2 -1 1250 200 250 300 350
logC [M] Temperature (K)

Fig.7 Temperature dependence of taste sensor sensitivity to MSG



NaCl 1000mM HCl 100mM
200 —————————— 200 ——
100+ 100+
0 0 A\/
-100 4 - IOdF‘/ .
| ! | ! | ! | ! | ! | !

37 T 55 OAm DOP 9:1 DA OA 37 T

Qunine-HC1  10mM

5:5 OAmDOP 9:1 DA OA

MSG

100mM

Electric potential difference ( mV)

-100- < -100f

37 T 55 OAmDOP 9:1 DA OA

Channel
—0—:25C

1 1
37 T 55 OAmDOP 9:1 DA OA

—a— :60C

Fig.8 Response pattern after temperature compensation

(4) MIER OIS EN

Bz IR TR Y 2 D CHRARR IR ZET S &

EREEAN & DxtIs 72 <

KR FICBWTIEE FOKRERHRE I TWARWERE o7z, KRV %E

S HITEEMICERS L
EIZHAI L TWD Z ENboot,

— 2R CORERENEDS B 2 56 IREMEIC

LHTEPHELNEERD, Hém“%ﬁ®%ﬁﬁui H
i bR E 2 AT %,

AR DO BBENOFITH Y |
FEAMNZIZ RTF OERZH Y . Nemnst DN H 5,

PRI x L QIR E & o IR Em O EENM TR R L ZHxhE

DEERREL, REEHET

BB 4y TR B AL & $RIEAL
EEENL O 4 IR BRR  D 03



Vi \EBEEAT, RIFRMEER. FIZ7 7 77 —EH. TIRREK], GBIV GIEIEON
SNoRETHL, X (1) OHHALNRE SIZ, RT/F OFREITIEEIZHHT S, pH 50
BA. NS HMKTH Nemst BALAVEESNTWS, £ L CREMMEIL RT/F 2 X 2EEAR
TR 2,

Fe DR LEBIRR A T ER T BMR W EARE L, R 0 IR ERIFEZ 22 L
FIRMIEERIT -T2, THEHTD 0CHE LY OFERAMHELZEZARSDIHITRY,
Hk, BRSO O AR O W T B RR & o H ) O IR BV & B RE AT AR 0 JR R ) & —
BHEEDLZENTER,

4. £r®

IR~ LT F v RVBRT - X, AR LEAR OIGE Y —v 2L,
OHINE, BEIEFET 5, ABOKRRICHIEEERFERH Y, WROTFHEZBEHET
LT IR, AOWRHE &L —ET DIREKREEP RO O D, AFETIE. BWWE
ZETRIAIR 2 iR, (KRB X OEIRTHE L, IR CADFREE 21TV, 215 DR
Ea L7,

BRI & W TELZR D IR ISR CEEARMIAIR DR FEARAFE 2 TR, HBRLISL DR, iR
B, BEIRIREITIEE S EWVIE L, EEIIRE VA, EIRIRTICT LT, BEN LTS
EETREIHET L7z, W CEEARICEB O COERETE CITREE oV OfER L IXR2 Y |
R, BRRRS X OVEIRICEI L i, HIREZRIBEIRIFIEI R O oTz, L, BWRIC
DNTIERAR - T e, MR & RVAIR DR A RIS )T L C OB REREAM 1 8 1R C BRI B 13
U7z, FEBRICEE U CIE il CHRImE XD L, W o IRERE & W U 2R L
Tro BRETHLE FORER L TWARWNWI &5, & o OIREFIR S 2 B0 B
WIZRER, BWRITERORARIK TH 5 & ISR & 23 H ) ORI FME 2 B REREAf o
REL —HIEEZLNTE, MOEAREGRBRORERL o7z,

AWFFEIT BARB AR TN SRR 54 MIRRIHER LB DITMELLL LD TH D,



£ 3R

(1) K. Toko, T. Murata, T. Matsuno, Y. Kikkawa and K. Yamafuji: “Taste Map of Beer by a
Multichannel Taste Sensor”, Sensors and Materials, 4, pp. 145 - 152 (1992)

(2) Y. Arikawa, K. Toko, H. Ikezaki, Y. Shinha, T. Ito, I. Oguri and S. Baba: “Analysis of Sake
Taste Using Multielectrode Taste Sensor”, Sensors and Materials, 7( 4 ), pp.261 - 270(1995)

(3) T. Fukunaga, K. Toko, S. Mori, Y. Nakabayashi and M. Kanda : “Quantification of Taste of
Coffee Using Sensor with Global Selectivity”, Sensors and Materials, 8( 1), pp.47 - 56(1996)

(4) S.Iiyama, M.Yahiro and K.Toko : “ Quantitative Sensing of Mineral Warter with Multichannel
Taste Sensor”, Sensors and Materials, 7( 3 ), pp.191 - 201(1995)

(5) Satoru liyama, Miki Yahiro, Kiyoshi Toko : “ Measurements of soy sauce using taste sensor”,
Sensors and Actuators B:Chemical, Volume 66, Issues 1-3, pp. 205-206(2000)

6 #H B WEERET L, AIIEE, FAk 144 (2002)

(D ER B, Sl B b= braBKk &b - BHEL - IR ORE, SEakAL, 2011 4F

(8) K.Toko: “Biomimetic Technology”, Cambridge University Press, Cambridge (2000)

(9) M.Yahiro, S.Ezaki, R.Takamatsu and K.Toko :” Temperature Dependence of Bitter Taste and
Output Characterristics of Taste Sensor” ,Sensors and Materials, Vol.20.No.4, pp.161 - 169( 2008 )
(10) #H BEE KT 7 2 7y 7 219 B LM, ek, Rk 114

(1) IWEBFELE, WRFFR B0 LS oY, SiAEE, 1994, p9s

(12) #H B “WRHEEEOMAB IOz, FHIEHIE $£37% H75,
1998 4

(13) #BH R - B R L3 . B9 IT%, KPEME, pl75, 1995 4

(14) K.Hayashi, Y.Matsui, K.Toko, T.Murata, Ke.Yamafuji and Ka.Yamafuji:“Sensong of “Umami”
Taste and Synergistics Effects with Synthetic Lipid Membranes”,Sensors and Materials,1-6,
pp-321-334(1989)

(15) Tsuyoshi Horio and Yojiro Kawamura;Chemical Senses, “Studies on after-taste of various

taste stimuli in humans “, Volume 15, Issue 3,pp.271-280(1990)



