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A Nonlinear Multiple Regression Model of Taste Sensor Data for Components in Sake

Masako Satoh*, Non-member, Yoshifumi Takao™*, Non-member, Hideki Satoh***, Member

(2018 4% 8 27 H=4F, 20184F 12 H 10 H #-324+)

A nonliner function that expresses the relationship between taste sensor data and components in sake was approxi-
mated using a polynomial of Legendre functions. First, the number of components in sake was reduced using principal
component analysis. Second, the number of Legendre functions of the polynomial and their degrees were selected

using a genetic algorithm. Third, the coefficients of the polynomial were calculated using multiple regression analysis.

The approximation error was estimated using cross-validation, and the number of Legendre functions and their degrees

were optimized so as to maximize the generalization of the polynomial. As a result, sufficiently small approximation

errors were obtained, and the explicit relationship between taste sensor data and components in sake was clarified

using the polynomial. Furthermore, it was possible not only to confirm the taste sensor response but also to improve

manufacturing processes of sake using the estimates of the variations in the taste sensor data.
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Keywords: taste sensor, chemical analysis, function approximation, genetic algorithm, principal component analysis
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Table 1.

Components-1.

General analysis

‘ Organic acid | Saccharide

Nihonshu-do
Alcohol content
Acidity

Amino acid content

Glucose

Citric acid
Pyruvic acid
Malic acid
Succinic acid

Lactic acid

Aldehyde

Acetic acid

Monosaccharide
Disaccharide
Trisaccharide
Tetrasaccharide
Pentasaccharide or more

Glycerol

Table 2. Components-2.

Amino acid
Aspartic acid | Threonine Serine
Asparagine Glutamic acid Glutamine
Proline Glycine Alanine
Valine Cysteine Methionine
Isoleucine Leucine Tyrosine
Phenylalanine | Gamma-Amino Butyric Acid | Lysine

Histidine

Arginine

Table 3. Mean normalized errors.
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Fig.3. Estimated values to measured values of After-

taste of Bitterness (Algorithm 3).

Taste Algorithm 3 MRA
Sourness 3.54 %1073 | 3.01 x 1072
Bitterness 246 %1073 | 2.26 x 1072
Astringency 239x 1073 | 2.82x 1072
Umami 3.74%x 107 | 2.44 %1072
Saltiness 8.49x 107 | 9.07x 1073
Aftertaste of Bitterness | 1.93 x 1073 | 4.62 x 1072
Aftertaste of Astringency | 3.42 x 107 | 2.67 x 1072
Richness 1.28 x 1073 | 2.46 x 1072
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Fig.2. Estimated values to measured values of After-
taste of Bitterness (MRA).
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Table 4. Measured and estimated values of the varia-
tions in Sourness.

Additive component | Malic acid Citric acid | Glucose
Measured value 1.307 -0.310 -0.370
Estimated value 0.319 -0.237 -0.039
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app. Table 1. Measured values of taste and component (f: dimensionless quantity).

Taste T General analysis
Class  [Statis- [Sonrness Bitterness |Astringency Umami | Saltiness |AofBit | AofAst Richness [SMV T Alc[%] TA [m]] AA [ml]|Gle[g/dl.] Aldehyde
of sake | tics [mg/L]
Tousan|min -1.37 -3.21 -1.01 -1.66 -3.62 -0.12 -0.45 -0.57 0.0 135 1.1 0.6 2.3 5.7
H-RPR|mcan -0.01 -2.15 -0.48 -0.56 -3.13 0.03 -0.36 -0.12 1.0 13.7 1.2 0.8 2.5 8.3
Sweet |max 3.28 -1.53 -0.19 0.26 -2.37 0.46 -0.30 0.18 2.1 13.9 1.3 1.0 2.6 13.4
‘Tousan|min -3.76 -4.66 -1.49 -1.37 -4.67 -0.07 -0.56 -0.43 -0.6 133 1.0 0.7 1.3 4.7
H-RPR|mean -1.13 -1.82 -0.53 -0.09 -3.14 0.20 -0.29 -0.08 4.9 13.8 12 0.9 1.8 104
Dry  |max 1.78 -0.68 -0.06 0.75 -2.16 0.70 -0.09 0.16 10.2 14.6 1.3 1.1 2.1 14.2
Junmai |min -5.92 -3.43 -1.17 -1.46 -2.78 -0.11 -0.47 -0.13 9.8 11.1 1.1 1.1 1.0 58
H-RPR|mean -1.65 -1.71 -0.44 0.32 -0.22 0.02 -0.29 0.35 4.0 15.0 15 15 1.5 14.2
Dry  |[max 2.37 0.81 1.10 1.93 2.70 0.18 0.12 1.00 11.5 177 2.0 2.4 2.4 327
Junmai [min -3.48 -2.98 -1.32 -0.94 -1.39 0.02 -0.58 0.00 2.2 145 1.1 0.8 0.4 0.1
L-RPR |mean -1.27 -1.97 -0.77 0.39 0.41 0.13 -0.35 0.35 2.2 16.1 14 12 1.7 12.6
Dry  |max 1.32 -1.07 -0.42 1.42 2.73 0.26 -0.21 0.84 5.2 16.9 1.9 1.9 2.5 27.5
Allen  |min -4.13 -3.72 -1.36 -1.19 -3.02 -0.25 -0.63 -0.48 -4.9 135 0.9 0.7 2.1 5.7
H-RPR|mean -1.74 -2.20 -0.80 0.29 -1.81 0.01 -0.39 0.21 0.8 152 1.2 1.1 2.4 11.1
Sweet |max 1.51 -0.71 -0.32 132 -0.05 0.86 -0.14 0.66 3.8 16.0 14 14 2.7 243
Alten |min -5.16 -3.71 -1.53 -1.00 -2.31 -0.20 -0.45 -0.07 -0.7 152 1.1 0.8 0.6 7.6
H-RPR|mean -1.84 -1.16 -0.35 0.45 -0.41 -0.03 -0.21 0.40 3.2 15.8 14 14 1.8 16.8
Dry  |[max 2.65 049 0.67 1.77 1.56 0.06 0.15 1.40 9.9 17.1 1.7 2.3 2.6 34.8
Alten  |min -4.10 -2.53 -1.19 0.08 -1.81 -0.01 -0.34 0.13 0.0 154 0.9 0.9 0.8 7.7
L-RPR |mean -2.57 -1.92 -0.78 0.67 -0.78 0.09 -0.28 0.37 5.0 16.0 1.1 1.1 1.5 135
Dry  |max -0.78 -0.95 -0.24 1.26 0.34 0.16 -0.19 1.01 9.8 16.9 1.2 15 2.2 30.2

Organic acid [mg/L] Saccharide [g/dL]

Citric Pyruvic | Malic Succinic Lactic  |Acetic  |Mono- Di- Tri- Terra- Pentasaccharide Glycerol

acid acid acid acid acid acid saccharide saccharide saccharide saccharide or more
Tousan|min 10.6 0.0 104.5 141.0 | 2679 0.1 1.46 0.16 0.25 0.10 033 0.10
H-RPR|mean 55.1 26.7 156.1 207.5 | 4710 273 2.33 0.31 0.34 0.17 041 0.16
Sweet |[max 140.7 57.1 2447 | 2757 | 688.1 51.8 2.83 0.50 0.45 0.24 0.50 0.23
Tousan|min 11.2 13.0 539 | 1653 | 243.1 42 1.20 0.13 0.10 0.10 028 0.10
H-RPR|mean 65.6 254 109.0 | 223.7 | 4477 26.1 1.94 0.28 0.34 0.19 046 0.18
Dry  |max 161.9 38.5 198.1 | 322.0 6415 63.9 2.78 0.70 0.64 0.32 1.00 0.25
Juninai |min 34.9 226 99.8 | 208.1| 3321 0.0 1.35 0.07 0.11 0.06 0.38 0.26
H-RPR|mean 65.8 584 196.6 | 301.1 | 6975 404 1.91 0.26 0.34 0.25 0.61 0.35
Dry  |max 111.0 140.9 279.7 | 415.6 | 11863 | 2184 3.36 0.40 0.79 045 120 0.45
Junmai |min 51.7 14.7 340 | 249.2| 4359 49 0.95 0.16 0.17 0.10 0.38 0.27
I.-RPR |mean 77.1 683 2783 | 346.1 577.7 257 1.99 0.27 0.63 040 0.68 0.35
Dry  |max 119.4 356.8 6124 | 443.6 | 1167.0 75.1 2.92 0.38 1.19 0.63 112 0.50
Alten  |min 4.5 12.7 626 | 1474 | 3705 0.0 2.10 0.11 0.27 0.10 035 0.10
H-RPR|mean 28.0 543 156.7 | 203.0 | 564.4 28.8 2.58 0.37 0.43 0.21 049 0.22
Sweet |max 57.5 206.7 2992 | 296.1  807.7 65.2 3.78 1.00 0.81 0.44 0.70 0.30
Alten  |min 17.1 115 60.6 | 160.2 | 384.8 0.2 0.70 0.14 0.21 0.10 0.30 0.19
H-RPR|mean 45.6 59.6 170.8 | 2304 | 629.2 435 2.01 0.33 0.48 0.31 0.64 0.26
Dry  |max 76.8 126.7 2725 | 3547 | 10599 1673 2.98 0.60 1.00 0.67 120 0.40
Alten |min 33.9 9.5 910 | 1833 | 4188 134 1.10 0.17 0.25 0.19 042 0.19
I.-RPR |mean 60.5 299 1778 | 2211 4753 252 1.82 0.22 0.58 0.39 058 0.26
Dry  |max 75.0 657 2388 | 2567 | 5439 40.9 2.31 0.25 1.05 0.66 094 0.31

Amino acid [mg/1]

Asp Thr Ser Asn Glu Gln Pro Gly Ala Val Cys Met Ile Leu
Tousan |min 13.8 6.4 12.1 20.3 19.4 0.5 31.2 245 40.0 174 6.0 1.7 9.6 26.8
H-RPR [mean 204 133 23.8 35.0 30.3 6.1 59.7 374 67.7 317 10.8 74 16.7 45.1
Sweet |max 30.3 227 42.2 59.5 49.9 12.8 128.6 60.8 117.2 50.8 19.0 114 264 70.3
Tousan|min 10.8 6.7 12.3 22.9 24.6 25 25.9 23.7 48.2 14.9 4.5 29 9.1 23.8
H-RPR|mean 249 14.0 252 40.6 413 10.3 54.7 40.3 92.6 362 12.1 8.8 18.9 52.0
Dry  |[max 41.6 239 45.5 65.6 68.8 21.6 152.0 67.6 145.6 68.8 30.2 219 32.6 974
Junmai [min 24.6 154 268 48.9 45.0 14 43.3 50.7 804 388 12.0 18 22.8 543
H-RPR|mean 575 353 593 85.9 102.8 20.0 123.9 109.5 226.6 851 231 154 448 | 1102
Dry  |max 147.7 90.9 136.0 | 1563 | 2475 1620 345.5 189.3 403.4 2089 74.6 77.6 120.5 | 276.0
Junmai |min 29.3 143 27.7 38.2 0.0 1.0 39.8 68.4 145.9 38.1 5.9 1.0 22.1 60.1
L-RPR |mean 47.1 252 46.4 75.5 118.6 31.6 130.2 107.6 2213 732 18.8 6.4 39.3 97.0
Dry  |max 744 504 854 125.2 1793 109.7 431.5 172.1 280.9 1403 37.1 16.8 76.5 | 164.8
Alten |min 11.0 5.1 9.9 25.8 23.1 0.9 11.3 245 57.7 16.5 4.3 0.9 8.4 21.2
H-RPR|mean 39.6 245 435 66.1 67.8 225 734 72.8 164.5 622 16.7 143 32.6 813
Sweet |max 89.7 48.0 725 106.4 1435 1341 156.0 111.2 260.3 117.0 32.1 353 63.6  149.9
Alten |min 13.9 89 159 28.9 25.7 04 23.0 30.7 83.7 16.6 3.2 18 113 27.6
H-RPR|mean 48.9 311 529 75.5 755 10.5 725 89.5 205.6 754 18.0 12.8 38.9 98.9
Dry  |max 109.4 738 1073 134.4 125.9 31.6 147.5 151.8 371.0 180.9 41.5 27.1 88.6 | 241.1
Alten |min 313 18.1 315 57.8 74.8 9.3 323 66.6 170.1 43.6 6.9 22 24.8 64.9
L-RPR |mean 45.0 263 46.1 75.5 116.0 25.0 92.7 86.7 219.7 76.6 17.1 77 39.1 96.7
Dry  |max 65.4 347 582 108.3 173.2 66.6 205.8 133.1 342.1 1174 38.2 15.1 554 1343

Amino acid |mg/L|

Tyr Phe GABA Lys His Arg [Abbreviation |Taste and component |Abbreviation [Taste and component
Tousan|min 143 122 03 15.2 6.8 29.5 ||AofBit Aftertaste of Bitterness Met Methionine
H-RPR|mean 31.5 25.0 82 30.1 16.0 84.2 |AofAst Aftertaste of Astringency Tle Isolencine
Sweet |[max 49.3 375 18.9 50.3 28.8 133.3 |[SMV Sake meter value Len Leucine
Tousan |min 18.2 14.4 0.6 24.5 11.0 57.6 (Nihonshu-do) Tyr Tyrosine
H-RPR|mean 36.3 29.6 92 37.7 18.5 149.6 |(Ale Alcohol content IPhe Phenylalanine
Dry  |max 60.2 59.3 21.5 56.5 30.6  296.6 [[TA Acidity ILys Lysine
Junmai |min 35.2 22.3 38 29.9 237 15.6 |[AA Amino acid content His Histidine
H-RPR|mean 83.0 582 314 68.6 452 3138 |Glc Glucose |Arg Arginine
Dry  |max 229.2 159.5 64.3 186.5 793 659.7 |Asp | Aspartic acid
Tunmai|min 415 21.8 02 14.7 224 4.6 Thr Threonine
I-RPR [mean 739 489 143 45.1 359 156.4 |[Ser Serine
Dry  |[max 134.7 98.4 472 74.3 62.9 | 4074 [Asn Asparagine
Alten  [min 15.6 108 18 4.1 83 19.0 ||Glu Glutamic acid
H-RPR|mean 58.2 474 172 53.7 269 195.8 ||GIn Glutamine
Sweet [max 102.4 95.3 439 109.2 39.0 339.1 ||Pro Proline
Allen  |min 20.4 13.6 02 23.5 104 294 (Gly Glycine
H-RPR|mean 724 55.0 243 60.8 358 2646 |Ala Alanine
Dry  |max 184.5 140.1 520 129.0 66.2 4595 [Val Valine
Alten  |min 41.7 29.0 38 37.4 23.1 92.3 (Cys Cysteine
I-RPR [mean 68.9 494 175 54.5 376 207.7 |GABA Gamma- Amina Butyric Acid
Dry  |[max 95.5 72.1 47.5 68.0 542 3252
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app. Table 2. Definitions of brewing method and taste
of sake.
Label
Alten

Junmai

Definition

includes brewer’s alcohol

made from only rice and water

Tousan | includes brewer’s alcohol, saccharides, organic acids,

amino acid salts

L-RPR

H-RPR
Dry

Sweet

ginjo-shu or daiginjo-shu; rice-polishing ratio below 60%
rice-polishing ratio greater than 60%

AV=Glc-TA< 1.0

AV=Glc- TA > 1.0

app. Table 3. Classification of samples of sake.

Sweet | 28
Dry 85

Taste of sake

Alten | 53

Junmai | 42

Brewing method

Tousan | 18

H-RPR | 83
L-LPR | 30

Rice-polishing ratio
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