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Abstract

The discrimination of the agricultural origin, especially locally produced or imported from the products such as
Ganoderma lucidum, sesame and arrowroot were investigated by using the electronic nose. Volatile components
from these products were discriminated by twelve of conducting polymer sensors without any pretreatment.
Pattern recognition was carried out. Multiple discriminant analysis showed the difference between imported
agricultural product and locally produced ones such as Ganoderma lucidum, sesame and arrowroot. Unknown
habitat of sesame and arrowroot could be identified by muitiple discriminant analysis whether the imported or

the locally produced one.
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Fig. 1. Schematic diagram of electronic nose system
(e-NOSE 4000).
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Table 1. Operating condition of e-NOSE 4000 for analysis of special agricultural products

Ganoderma lucidum Sesame Arrowroot
Sample type solid solid(roasted) solid
Sampling time(min) 15 1.5 1.5
Sensor head temperature (°C) ambient 30x1 ambient
Sensor head purging time(min) 6.5 35 6.0
Vessel temperature ("C) ambient 30+1 ambient
Vessel purging time(min) 2.0 0.5 2.0
Vessel equilibrium time(min) 6.5 7.0 6.0
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Table 2. Sensor response of the imported and the locally produced sesame by electronic nose

Sensor response [;ARB- : 100%]

Sample
Sensor type

297 283 279 278 264 263 262 261 260 259 258 257
L1 422 2.31 3.50 2.84 5.30 11.46 2.91 3.03 5.29 481 3.18 1.50
L2 4.69 2.53 3.87 3.21 5.79 11.95 3.04 3.26 5.60 5.05 3.41 1.60
L3 4.59 2.45 3.72 3.06 5.68 11.74 2.94 32 5.49 4.99 3.34 1.58
L4 4.63 251 3.92 3.28 5.75 11.92 3.07 . 323 5.53 5.04 3.40 1.59
LS 453 2.42 3.67 3.04 5.57 11.54 2.88 313 5.41 4.94 3.30 1.56
L6 4.96 2.65 4.16 3.38 6.07 12.47 322 3.40 5.75 5.22 3.53 1.67
L7 4.36 2.37 3.63 2.97 5.38 11.02 2.78 2.99 5.14 4.69 3.22 1.51
L8 4.73 2.55 3.95 3.26 5.80 12.05 311 3.34 5.72 5.17 3.45 1.63
L9 5.04 2.65 4.16 3.48 6.12 13.01 3.50 3.57 6.06 5.53 372 1.71
il 461 2.46 3.78 3.11 5.59 11.72 2.96 3.13 5.38 4.96 3.37 1.59
i2 434 2.36 3.62 2.99 5.31 10.88 271 2.91 5.04 4.70 3.18 1.52
i3 4.70 2.53 3.87 3.25 5.76 12.03 3.05 3.26 5.57 5.08 3.43 1.62
i4 4.65 2.51 3.90 3.21 5.74 12.00 3.03 3.16 5.46 4.98 3.40 1.60
i5 4.60 2.49 3.88 3.16 5.68 1191 3.02 3.11 5.35 4.90 3.36 1.58
i6 4.48 2.43 371 3.06 5.50 11.41 2.88 3.07 5.27 4.85 3.27 1.56
i7 4.36 2.37 3.59 2,99 5.39 11.21 2.83 3.02 5.28 478 3.23 1.53
i8 421 2.35 3.46 2.64 5.13 10.34 2.74 2.97 5.23 4.79 3.05 1.49
i9 452 2.54 3.73 2.95 5.58 11.33 2.90 3.13 5.42 4.96 3.13 1.54
i10 422 2.36 3.46 285 5.19 10.43 2.72 2.98 5.28 4.80 3.02 1.48
i1 461 - 251 3.77 311 5.44 10.93 3.04 3.23 5.54 5.04 3.22 1.56
i12 5.20 2.81 421 342 6.16 1232 3.36 3.68 6.25 5.67 3.55 1.71
Ul 3.76 2.09 2.90 2.54 4.49 7.12 1.99 2.63 4.71 427 2.84 1.42
U2 3.89 2.06 2.83 2.68 4.40 7.02 2.15 2.68 4.76 4.26 2.91 1.44
U3 3.93 2.07 285 2.74 4.34 6.92 2.11 2.68 4.69 4.26 2.88 1.44
U4 4.57 2.53 2.83 3.07 5.91 12.67 451 3.34 5.63 5.11 3.11 1.39
U5 4.69 2.61 2.86 3.10 6.07 13.0 4.56 3.39 5.84 5.15 3.16 1.40
U6 4.59 2.58 2.75 3.12 6.01 1294  4.61 3.42 5.87 5.19 3.15 1.40

"Number means different geographical origin. L1~L9: locally produced sesame, il~i12: imported sesame, U1~U6: Unknown sample
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Table 3. Sensor response of the imported and the locally produced arrowroot by electronic nose
Sensor response (ATR . 100%)
Sample
Sensor type

297 283 279 278 264 263 262 261 260 259 258 257
L1V 1.15 5.08 4.02 227 2.30 4.87 8.97 2.19 2N 494 4.86 294
L2 1.24 5.21 4.03 227 2.30 4.88 9.79 2.44 2.87 525 5.20 3.09
L3 1.29 5.07 3.96 2.26 2.31 4.96 9.94 243 281 512 5.12 2.98
L4 1.28 499 3.95 227 2.29 5.03 10.27 2.50 2.87 5.16 5.13 297
L5 1.23 4.60 3.70 2.15 2.18 4.86 10.07 248 272 4.87 4.86 2.82
L6 1.26 4.75 3.77 2.20 221 4.87 9.96 2.50 2.79 493 4.96 291
L7 1.25 4.64 3an 2.17 2.23 4.95 10.47 2.64 2.84 497 4.97 2.87
i1l 1.33 491 3.88 2.25 2.28 5.11 10.73 2.64 2.87 5.15 5.20 297
i2 1.39 4.93 3.87 2.26 2.36 5.21 11.29 272 2.98 5.23 5.18 294
i3 1.35 4.86 3.87 2.26 231 5.11 10.69 2.61 2.84 5.05 5.06 2.92
i4 1.30 4.82 3.84 2.24 231 5.14 10.88 2N 2.90 5.21 524 2.94
i5 1.27 4.60 3.72 217 2.29 5.01 10.54 2.62 2.84 5.05 4.95 2.80
i6 1.39 4.87 3.84 2.24 2.28 5.13 10.94 2.66 2.89 5.13 512 293
i7 1.35 4.96 3.93 2.28 2.35 5.19 11.17 2.73 2.95 5.21 522 2.96
¥ Number means different geographical origin. L1, L2, L3....... : locally produced arrowroot and il, i2, i3....... : imported
arrowroot.
Table 4. Sensor response of the imported and the locally produced Ganoderma lucidum by electronic nose

Sensor response (ATR : 100%)
Sample
Sensor type

297 283 279 278 264 263 262 261 260 259 258 257
L1" 1.1 5.13 3.94 223 232 452 7.68 207 2.67 4.86 4.66 2.93
L2 1.31 5.01 3.88 223 232 494 9.78 2.57 2.86 5.06 5.11 291
L3 1.33 4.92 3.87 222 2.43 515 1038  2.65 3.03 5.24 5.14 2.87
14 1.22 4.68 3.61 2.10 2.22 472 9.40 2.49 2.79 4.84 477 2.78
L3 1.15 435 352 2.05 21 4.55 8.84 2.30 2.63 4.64 4.74 2.65
L6 133 4.68 3.68 2.15 231 5.09 11.03 290 3.05 5.13 5.10 2.81
L7 1.19 4.56 361 2.10 2.24 4.83 9.78 2.58 2.84 485 4.88 277
L8 1.27 4.79 3.79 2.19 2.33 4.82 9.34 2.46 2.90 4.92 495 2.83
L9 1.24 5.04 393 2.26 2.36 4.86 9.18 2.40 2.84 5.00 5.04 2.89
L10 1.41 497 391 2.29 243 5.33 11.28 2.88 3.09 5.32 5.40 291
i1 1.63 535 4.14 242 2.69 5.98 13.29 3.43 347 5.85 5.87 3.04
i2 1.69 5.60 423 2.48 2.69 6.00 13.29 3.45 3.49 6.00 5.92 3.14
i3 1.51 533 4.21 2.38 2.59 5.58 11.67 3.06 3.25 5.63 5.81 3.04
i4 1.45 5.09 4.00 2.34 2.54 5.42 11.10 2.88 311 5.33 5.45 2.94
i5 1.40 5.38 4.13 2.35 2.48 521 10.05 2.65 3.07 5.40 5.41 3.03
i6 1.58 547 421 244 2.59 5.65 12.02 3.16 328 559 5.71 3.05
i7 1.74 572 433 2.51 2.65 5.95 13.56 352 3.46 5.98 6.04 3.19
i8 1.54 5.36 4.09 2.39 2.57 5.5 11.67 311 3.26 5.60 5.66 3.10
i9 1.57 5.44 4.16 241 2.65 5.68 12.27 3.27 3.36 5.79 5.82 3.11
i10 1.65 5.45 4.17 2.45 2n 5.88 12.85 347 3.40 5.86 5.84 3.14
Ul 1.08 4.76 3.74 221 217 4.79 7.95 2.47 2.83 4.98 4.93 2.81
U2 1.33 5.30 3.96 2.28 2.46 5.08 9.58 3.03 3.05 5.30 5.26 3.02
U3 1.55 5.90 4.39 2.49 2.63 5.51 11.08 3.35 332 5.76 5.81 320
U4 1.45 5.69 4.24 242 2.61 5.29 9.86 3.07 3.10 535 542 3.11
us 1.59 6.15 4.79 2.69 2.78 5.97 11.83 2.80 327 6.07 5.83 332
U6 1.52 6.00 4.68 2.59 2.74 5.63 10.81 2.59 313 5.84 5.62 3.24
u7 1.68 6.42 4.86 2.69 2.82 5.98 12.58 3.00 3.42 6.35 5.97 3.39
8}] 1.65 6.21 4.76 2.63 2.92 6.34 13.99 3.27 3.66 6.71 6.17 3.40

"Number means different geographical origin. L1~L10: locally produced sesame, i1~i10): imported sesame, U1~U8: Unknown sample
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Table 5. Posterior probability of multiple discriminant analysis by electronic nose for agricultural products

Posterior Probability

From Classified

Species into species Sesame Ganoderma lucidum Arrowrrot
Foreign Korea Foreign Korea Foreign Korea
Korea Korea 1.0000 (18) 1.0000 (30) 1.0000 (20)"
0.9991 (2) 0.9986
0.9986 (3) 0.7879
0.9961
0.9788
0.9759
0.9519
Foreign Foreign 1.0000 (29) 1.0000 (28) 1.0000 (21)
0.9999 (2) 0.9998 (2) 0.9999
0.9996
0.9990
0.9560
0.7707
0.0954

“The value in parenthesis is a number of same posterior probability.
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Table 6. Posterior probability of multiple discriminant analysis by electronic nose for the unknown habitat of

agricultural products

Posterior Probability

Fmr‘n AClassxﬁe'd Sesame Ganoderma lucidum
Species into species

Foreign Korea Foreign Korea
Korea Korea - 1.0000 (2)" - 1.0000 (4)
Foreign Foreign 1.0000 (4) - 1.0000 (4) -

"The value in parenthesis is a number of same posterior probability.
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