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Taste Response of Electrodes Coated with Polymeric
Lipid Membrane
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Y. J. Cho I. S. Park N. S. Kim
ABSTRACT

The fourteen different electrodes coated with polymeric lipid membrane were evaluated to selectively
monitor the sweet, salty, sour and bitter tastes, and umami. The polymeric lipid membrane consisted of the
three components, or polymer matrix, plasticizer and electroactive material, the compositional ratio of which
was 1:1.25:1. Herein, the 14 different electroactive materials were used. Sucrose, NaCl, citric acid, caffeine
and MSG were used as standard materials of sweet, salty, sour and bitter tastes, and umami. The linear
responses of each electrode regarding 5 tastes were analyzed by means of the correlation coefficient between
electric potential difference and concentration of a taste material when the linearity was based on a linear
model and a thermodynamic model, respectively. As for salty taste, the electrode coated with valinomycin had
a selective linearity at the significance level of 0.01. For monitoring sweet taste, the electrode with
oleylamine and the electrode with the mixture of tri-n-octylmethylammonium chloride and dioctylphosphate
(2:8) showed the significant linearities at the levels of 0.05 and 0.10, respectively.

Keywords : Taste response, Polymeric lipid membrane, Electrode.
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Table 1 Fourteen different electroactive materials

Electrode no. Electroactive material Supplier n?gtee:rlizclztroactive
I Oleylamine Aldrich (USA)
2 Decy! alcohol Aldrich (USA)

3 tri-n-octylmethylammonium chloride (TOMA) Dosindo (Japan)
4 dioctylphosphate (DOP) Aldrich (USA)
5 DL- ¢ -phosphatidylcholine dipalmitoyl Sigma (USA)

6 TOMA:DOP=7:3 -

7 TOMA:DOP=5:5 -

8 TOMA:DOP=2:8 -

9 cholesterol Sigma (USA)
10 tridodecylmethylammonium chloride Fluka (Switzerland)
11 valinomycin Sigma (USA)
12 nonactin Sigma (USA)
13 monensin decyl ester Fluka (Switzerland)
14 tridodecylamine Sigma (USA)

i

h ‘Hl

YVYY
o

Fig. 1 Taste sensing system including the needle-type electrode coated with
polymeric lipid. (a: working electrode; b: reference electrode; ¢: counter
electrode; d: lipid membrane; e: 1 mM KCI solution; f. stirring bar; g:
stirrer; h: potentiostat; I: recorder)
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Table 2 Standard taste materials and their concentrations

Taste Standard material Concentrations (M)

Sweet Sucrose 0.1, 0.01, 0.001, 0.0001, 0.00001
Salty NaCl 0.1, 0.01, 0.001, 0.0001, 0.00001
Sour Citric acid 0.1, 0.01, 0.001, 0.0001, 0.00001
Bitter Caffeine 0.001, 0.0001, 0.00001, 0.000001
Umami Monosodium glutamate 0.1, 0.01, 0.001, 0.0001, 0.00001
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Table 3 Correlation coefficients and significance probabilities between electric potential
difference and NaCl concentration in a linear model

Electrode 1 Electrode 2 Electrode 3 Electrode 4 Electrode § Electrode 6 Electrode 7
-0.56 0.93* 0.50 0.43 0.89* 045 0.44
(0.3265) (0.0225) (0.3911) (0.4676) (0.0456) (0.4518) (0.4634)
Electrode 8 Electrode 9 | Electrode 10 | Electrode 11 | Electrode 12 | Electrode 13 | Electrode 14
0.29 0.58 0.37 0.63 091* 0.83 0.57
(0.6393) (0.3031) (0.5380) (0.2502) (0.0296) (0.0800) (0.3167)

Notes 1) *: Significant at level of 0.05.
2) *: Significant at level of 0.10.
3) Values in parentheses designate significance probabilities.

Table 4 Correlation coefficients and significance probabilities between electric potential

difference and sucrose concentration in a linear model

Electrode 1 Electrode 2 Electrode 3 Electrode 4 Electrode 5 Electrode 6 Electrode 7
0.57 -0.11 -0.67 0.16 0.79 0.53 0.55
(0.3198) (0.8620) (0.2144) (0.7964) (0.1140) (0.3581) (0.3352)
Electrode 8 Electrode 9 Electrode 10 | Electrode 11 | Electrode 12 | Electrode 13 | Electrode 14
0.82 0.65 0.16 0.38 0.52 0.69. 0.51
(0.0900) (0.2373) (0.7966) (0.5324) (0.3701) (0.1959) (0.3773)

Notes 1) ™ Significant at level of 0.10.
2) Values in parentheses designate significance probabilities.

Table 5 Correlation coefficients and significance probabilities between electric potential

difference and citric acid concentration in a linear model

Electrode 1 Electrode 2 Electrode 3 Electrode 4 Electrode 5 Electrode 6 Electrode 7
-0.02 0.82 0.17 -0.71 0.74 0.07 0.80
(0.9770) (0.0898) (0.7875) (0.1816) (0.1511) (0.9143) (0.1039)
Electrode 8 Electrode 9 Electrode 10 | Electrode 11 | Electrode 12 | Electrode 13 | Electrode 14
-0.14 -0.42 -0.08 -0.49 -0.50 0.04 -0.22
(0.8272) (0.4812) (0.8951) (0.3972) (0.3952) (0.9553) (0.7166)

Notes 1) *: Significant at level of 0.10.

2) Values in parentheses designate significance probabilities.
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Table 6 Correlation coefficients and significance probabilities between electric potential
difference and MSG concentration in a linear model

Electrode 1 Electrode 2 Electrode 3 Electrode 4 Electrode 5 Electrode 6 Electrode 7
0.76 0.76 0.79 0.50 0.83 -0.53 -0.93*
(0.1341) (0.1350) (0.1132) (0.3917) (0.0822) (0.3607) (0.0207)
Electrode 8 Electrode 9 | Electrode 10 | Electrode 11 | Electrode 12 | Electrode 13 | Electrode 14
0.22 0.65 0.85 0.60 0.78 0.07 0.58
(0.7235) (0.2336) (0.0658) (0.2849) (0.1189) (0.9073) (0.3092)

Notes 1) *: Significant at level of 0.05.
2) ' Significant at level of 0.10.
3) Values in parentheses designate significance probabilities.

Table 7 Correlation coefficients and significance probabilities between electric potential
difference and caffeine concentration in a linear model

Electrode 1 Electrode 2 Electrode 3 Electrode 4 Electrode 5 Electrode 6 Electrode 7
0.03 0.57 -0.05 0.93° 0.79 -0.50 0.99*
(0.9703) (0.4294) (0.9454) (0.0652) (0.2107) (0.4988) (0.0134)
Electrode 8 Electrode 9 | Electrode 10 | Electrode 11 | Electrode 12 | Electrode 13 | Electrode 14
-0.10 -0.99 0.70 0.37 0.96* 0.99** -0.01
(0.8960) (0.0130) (0.3018) (0.6273) (0.0388) (0.0038) (0.9857)
Notes 1) **: Significant at level of 0.01.
2) *: Significant at level of 0.0S.
3) " : Significant at level of 0.10.
4) Values in parentheses designate significance probabilities.
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Table 8 Correlation coefficients and significance probabilities between electric potential
difference and log-scaled concentration of NaCl in a thermodynamic mode!

Electrode 1 Electrode 2 Electrode 3 Electrode 4 Electrode 5 Electrode 6 Electrode 7
-0.67 0.92* 0.92* 0.83 0.97** 0.73 0.81°
(0.2160) (0.0252) (0.0270) {0.0791) (0.0054) (0.1576) (0.0937)
Electrode 8 Electrode 9 | Electrode 10 | Electrode 11 | Electrode 12 Electrode 13 Electrode 14
0.71 0.92* 0.81° 0.96** 0.92* 0.97+* 0.90*
(0.1798) (0.0246) (0.0950) (0.0096) (0.0245) (0.0055) (0.0385)

Notes 1) **: Significant at level of 0.01.
2) *: Significant at level of 0.05.
3) *: Significant at level of 0.10.

4) Values in parentheses designate significance probabilities.

Table 9 Correlation coefficients and significance probabilities between electric potential
difference and log-scaled concentration of sucrose in a thermodynamic model

Electrode 1 Electrode 2 Electrode 3 Electrode 4 Electrode 5 Electrode 6 Electrode 7
0.95* 0.50 -0.04 -0.49 0.89* 0.70 0.83"
(0.0116) (0.3907) (0.9509) (0.4058) (0.0403) (0.1867) (0.0832)
Electrode 8 Electrode 9 Electrode 10 | Electrode 11 Electrode 12 Electrode 13 | Electrode 14
0.78 0.44 -0.41 -0.26 0.91* 0.90* 0.66
(0.1200) (0.4622) (0.4899) (0.6690) (0.0345) (0.0354) (0.2282)

Notes 1) *: Significant at level of 0.05.
2) *: Significant at level of 0.10.
3) Values in parentheses designate significance probabilities.

Table 10 Correlation coefficients and significance probabilities between electric potential
difference and log-scaled concentration of citric acid in a thermodynamic model

Electrode 1 Electrode 2 Electrode 3 Electrode 4 Electrode 5 Electrode 6 Electrode 7
0.15 0.94* 0.36 -0.40 0.98** 0.48 0.90*
(0.8069) (0.0164) (0.5538) (0.5063) (0.0046) (0.4095) (0.0392)
Electrode 8 Electrode 9 | Electrode 10 | Electrode 11 | Electrode 12 Electrode 13 Electrode 14
-0.03 -0.09 0.15 -0.29 -0.10 0.60 -0.24
(0.9583) (0.8802) (0.8128) (0.6323) (0.8774) (0.2868) (0.7019)

Notes 1) **: Significant at level of 0.01.

2)

*: Significant at level of 0.05.

3) Values in parentheses designate significance probabilities.
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Table 11 Correlation coefficients and significance probabilities between electric potential
difference and log-scaled concentration of MSG in a thermodynamic model

Electrode 1 Electrode 2 Electrode 3 Electrode 4 Electrode 5 Electrode 6 Electrode 7
0.62 0.75 0.88* 0.45 0.86" -0.80 0.88
(0.2631) (0.1417) (0.0464) (0.4523) (0.0584) (0.1033) (0.0506)
Electrode 8 Electrode 9 | Electrode 10 | Electrode 11 | Electrode 12 | Electrode 13 | Electrode 14
-0.46 0.51 0.69 0.26 0.68 -0.46 0.06
(0.4332) (0.3778) (0.1941) (0.6750) (0.2042) (0.4361) (0.9199)

Notes 1) *: Significant at level of 0.05.
2) *: Significant at level of 0.10.
3) Values in parentheses designate significance probabilities.

Table 12 Correlation coefficients and significance probabilities between electric potential
difference and log-scaled concentration of caffeine in a thermodynamic model

Electrode 1 Electrode 2 Electrode 3 Electrode 4 Electrode 5 Electrode 6 Electrode 7
0.19 0.17 -0.53 0.57 0.99+* -0.15 0.88
(0.8052) (0.8333) (0.4742) (0.4256) (0.0053) (0.8454) (0.1160)
Electrode 8 Electrode 9 Electrode 10 | Electrode 11 | Electrode 12 | Electrode 13 | Electrode 14
0.08 -0.90 0.49 0.26 0.67 0.87 -0.54
(0.9189) (0.0957) (0.5137) (0.7435) (0.3255) (0.1336) (0.4588)

Notes 1) **: Significant at level of 0.01.
2) 7 Significant at level of 0.10.

3) Values in parentheses designate significance probabilities.

AN fole ARAS AT AF 99 A A4 wsed tAIF % ANE Adsor Ak BT

BASE -09022A 0108 fo5Fel sPst AN K 138 ENE Zz4e) % 4Eg 49

= Aoz yehdo o2 A% & YE NG AFSL Agsa
the 2o

Ch &I MAQ o €2 BTt wot BAE WFo2A R dAAE 4

Hol SUHPM T2 T JEo) hAHE B4Y

T 138 5o R g wo, wo Anh, 7 H 98e Mel: dIso MFHY Aot A

"o @ oo deld 3 AR W@ FE R OF S AT 1R AT 132 2R AP 43

ARz WG FEol da FANOE F¢ o HYF ASE PRAWD. Ay AF sk

4% wQ AISE F¥ad dehd ol A% Aol HME H4¥H WL pyow,

AF 13 E£3F £gtel disiA 0012 {FAFFAA
ITEZ F% vSE Bk gk deliente]
Al(valinomycin)e] =¥ A 1i¢] 5% 71E
o FolA Rotg AgAoz F #AAY Aoz
7l act.

£, 28 dol?(oleylamine)o] =X E AF 134
E-n-2 9 g g 3¢ 2 Y oltri-n-octylmethylammo

Folq B vhsh go) ¥ AFlH A 143
o TEA AW AFSS % AEY 2R o
SA thed W BYS & 4 ATk

e ERHOZ Hrtetrl AMA
NEe) gto] 539 JlE %oz P Uk
Zzkel 718 Stel el A

Bole A% AIEL A

—256—



Table 13 Electrodes linear-responded regar-
ding taste substances

Linear-responded electrode
Taste
substance | Based on original | Based on log-scaled
concentration concentration
Electrode 2*
Electrode 3*
Electrode 4"
| B
NaCl Electrode 5* Electrode 9*
Electrode 12*
Electrode 10°
Electrode 13"
Electrode 11**
Electrode 12*
Electrode 13**
Electrode 14*
Electrode 1*
Electrode 5*
Sucrose Electrode 8* Electrode 7*
Electrode 12*
Electrode 13*
. Electrode 2*
Citrie | Electrode 2 Electrode 5**
acid Electrode 7*
Electrode 5° Electrode 3*
MSG Electrode 7* Electrode 5"
Electrode 10" Electrode 7*
Electrode 4°
Electrode 7*
Caffeine Electrode 9* Electrode 5**
Electrode 9
Electrode 12*
Electrode 13**

Notes 1) **: Significant at level of 0.01.
2) *: Significant at level of 0.05.
3) *: Significant at level of 0.10.
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