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This paper deals with the quality modeling of Ginjo sake using a neural network (NN) and genetic

algorithm (GA).

A NN model was constructed to estimate 7 sensory evaluations concerning the

quality of Ginjo sake from 18 chemical component analytical values. The performance index, J, of
the NN model was significantly small compared with that obtained using multiple regression analysis

(MRA).

Using the model, analytical data on the chemical components was estimated from the 7

given sensory evaluation values by means of a genetic algorithm, which was employed as an op-
timizing method. It was found that almost all the estimated values coincided with the actual values

within an error range of less than 0.3.

[Key words:
sake]

B, MBREOM CHBEECKT2BILAEE T
Kb, TOHBHLEMLOOHS. LrL, BEEED
B, WELFEY TRROBOIRIFR T A
2L AXRBEEYIEEL LTEFEIRTWA. Th
LRIEEL LB BEME LoV 2%, Bl
TeHERBEEORR I BIcEROh Tk b, T0%l
L — L OBEINE TR TV —BIBEBEOME
BEREFMEC X hRIGh TR D, REYEHOTEE
AL >TOBEFERTEHELL Y, BORICER
PRETRIC 7 4, — VA Ay 7722 L3EELV. L
DioT, BHREOWMEEEY < 5o 0MARESY
EENREYH - TERT A DY, BEERTD
BIR¥ AL L, BROREOMBEECILED LS
AN EDLBVASTWABDIAERELTEL N
Ernds.

* ##E5, Corresponding author.

neural network, sensory evaluation, genetic algorithm, quality modeling, Ginjo

L Lishin, BEERSOHEBAREY T
Vv 7 hH I, LERS OSVE & B e E
DN IER e BRI FE T DR LS 5D T, #
ROBFERFEE SV TERRATHTIBAN DS L1E
BENhTEH, TORDNN (=2 —FFk,y b7 —
7)) 7, 4, BRYLBLILTERHE =T ) v 718
HINTV 539 K« & FEEENEED &S FHEE
YHETHIHDIL, NN =FAYHEEL, ZO0FHED
AEELEIE L.

—%, BELLEFAZRAVCTRE» ORI 2 RD
Sicdicik, BRIDOEREEEC 2 X 5 inkfioi
BOMEORL G LY RDZBELHBELYRTIR
WEEXBRSD. L L, NN DX 5kIegkires
NOBE, RFENESHFETHAEEY DD, XK
DEBICFETIIERCHEERDD EMNHLL, B
KBS & SHEREI DB . SRR ELRIEO M
E LT, & GA (REM7ALTY XA) AERX

NI | -El ectronic Library Service



The Society for Bioscience and Bi oengi neering, Japan

388 &% EEDL

EWI1FE H13%

TRy, FS5v=vriexro.—0 vy, $HH,
RE, =7V v IR EDELDILAPRALR T
% .356)

% L TERIX T, NN AV TEESTENSE
FERHME Y HEE T 2 ERERIE = 7 A2 L, BEL
lEFNE GA A AL T, BNDOERENMEE
MR TAHSBEORS DHERITH VAT L DS
wERATC.

ZOYATANER IR, BRREOMEEY
DL BldOEEEA~OEANTE LT TEL,
TV T 4 v I IRNDERR =T 4 v 7 ) —
FRESWIE 2 ORBEOBEEE S BT 5 Ak

ROIBETRRLEZOLNS.
B W FH E
BIFNRT—4 BIHY LR, 1990F I FME

BRTEEM € v & — TiTbh RS EEE6 B
THFEE OKRYAVE. REMMEOEE R LY
BAEL, ERTHRSEBET 2B Ry &R L,
EFOEExMetc. 2% b, ERNEERX Rk
BOFETHHE, BHIBETIFMTHHIE - &
B, WP TARHETH AR - HFE - WHK - BRET

HbH, 1,2, 3 RO=BETISADBEE (23 ) 2
Table 1. Input variables used in the study.
Concentration
Component
Low High Average
Acidity (ml) 0.95 1.65 0.95
Amino acidity (ml) 0.60 1.70 1.03
Nihonshudo (—) +1.00 +9.50 +5.75
Alcohol (%) 15.2 17.9 16.4
ODy3 0.006 0.072 0.014
ODg¢o 0.084 0.282 0.182
Amakarado (—) —0.80 0.001 —0.40
Noutando (—) —1.62 —0.054  —0.922
Glucose (mg/ml) 5.60 14.0 9.10
Pyruvic acid (mg/l) 5.20 160 66.6
3-DG (ODs30) 0.054 0.530 0.276
Acetaldehyde (ppm)  7.60 39.2 19.7
iAmOH (ppm) 95.6 161 119
1AmOAc (ppm) 0.60 18.1 4.47
E/A ratio (—) 0.50 13.2 3.71
EtCap (ppm) 0.00 2.90 1.22
Polishing ratio (%)  35.0 60.0 44.0
Cake ratio (%) 34.7 68.0 51.5
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Fig. 1. Topology of three-layer NN for modeling the
relation between chemical components and sensory
evaluation.
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. Fig. 2. Modeling of sensory evaluation using the trained NN. Symbols: X, data for learning; ®, data for

evaluation.
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Table 3. NN model and MRA estimation results.
NN MRA g
Sensory - ) a
vauation 7 yalye Comlaion vl Corlain °
Color 0.0374  0.70 0.0440  0.61 X
Flavor top  0.0090 0.86 0.0098 0.85 < :CID: 8:‘:2
Flavor base 0.0071 0.86 0.0071 0.86 P25 é & S
Heavy-thin 0.0132  0.59 0.0264  0.37 =
Sweet-dry  0.0059  0.45 0.0097  0.32 -
Hard-soft 0.0070 0.62 0.0096 0.54 é 8" z 2 ‘§ }E
Aging 0.0138  0.56 0.0197  0.56 =R 2R Eg
< < < g: &
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REFAYBELCEREYEL L. A LCEDR g
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Table 5. Example of outputs from NN model.
Sensory evaluation Estimated value Objective value
‘g’ Color 1.83 1.79
:2_. Flavor top 1.51 1.53
&= Flavor base 1.33 1.33
o
© Heavy-thin 1.93 1.93
et - .
F 0.6 Maximum Sweet-dry 1.99 2.07
Average Hard-soft 2.04 1.80
05—ttt Aging 1.76 1.67
0 200 400 600
Generation (-) Fitness f 0.97
Fig. 3. Generation dependency of value of fitness. XEAEE, 7 3/ BED LS eRICBT 5 O HHE

NEEL/L->TW . X 5T, NN OFHBHENR L
BolcDRBYERTIME oD THD LE
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Table 6. Component values of a Ginjo sake esti- Table 7. Average E values of components estimat-
mated by GA. ed by GA.
Component Estimated value  Actual value Component E, E, E
Acidity (ml) 1.28 1.15 Acidity (ml) 0.287 0.237 0.262
Amino acidity (ml) 0.61 0.90 Amino acidity (ml)  0.307 0.228 0.268
Nihonshudo (—) 3.51 8.00 Nihonshudo (—) 0.317 0.218 0.268
Alcohol (%) 17.3 17.4 Alcohol (%) 0.174 0.382 0.278
ODy30 0.023 0.012 ODy,s30 0.120 0.075 0.098
ODgeo 0.132 0.157 ODygo 0.227 0.314 0.271
Amakarado (—) —0.226 —0.484 Amakarado (—) 0.508 0.379 0.443
Noutando (—) —0.764 —1.22 Noutando (—) 0.245 0.195 0.220
Glucose (g/l) 13.9 9.90 Glucose (g/l) 0.226 0.256 0.241
Pyruvic acid (ppm) 112 160 Pyruvic acid (ppm)  0.211 0.224 0.218
3-DG (ODs30) 0.284 0.53 3-DG (ODs3p) 0.384 0.307 0.346
Acetaldehyde (ppm) 325 31.5 Acetaldehyde (ppm) 0.185 0.373 0.279
1AmOH (ppm) 126 110 iAmOH (ppm) 0.468 0.349 0.409
iAmOAc (ppm) 2.23 5.20 iAmOAc (ppm) 0.333 0.357 0.345
E/A ratio (—) 1.76 4.70 E/A ratio (—) 0.374 0.383 0.379
EtCap (ppm) 1.89 2.90 EtCap (ppm) 0.137 0.165 0.151
Polishing ratio (%) 35.4 40.0 Polishing ratio (%)  0.332 0.294 0.313
Cake ratio (%) 63.0 57.5 Cake ratio (%) 0.226 0.294 0.260
Average of f; 0.98 0.98 0.98
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NMEXHET AT AXBEE L. BELAL NN
YEREFHMET L LTHY, hé GA 2828
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HIENTRETH D Z EAELL L. IHIEY
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RERVMEDEL, DR TE, MEET Y vV I/ HA[RET
BB ERLI.
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