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Nondestructive detection of apple moldy core based on FT-NIR and electronic
nose technology

YANG Chenyu' , YUAN Hongfei' >, MA Huiling?, REN Yamei' “/, REN Xiaolin*
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Horticulture, Northwest A & F University, Yangling 712100, China )

Abstract Study on Fourier near-infrared spectroscopy(FT-NIRS) and electronic nose technique was used to identify the
efficacy of apple moldy core in combination with chemometrics. With “Red Fuji” moldy core and healthy apples as test
materials, the near- infrared spectroscopy model of multi-layer Perceptron (MLP) neural network and Fisher discriminant was
established based on the principal component analysis. Meanwhile, a discriminant model was established by the electronic
nose combined with Fisher discrimination, MLP neural network and radial basis function (RBF) neural network, respectively.
According to the comprehensive consideration of the prediction accuracy of the modeling set and the verification set, the MLP
neural network model based on principal component analysis and the electronic nose combined with the MLP neural network
model had the best discriminating effect on the apple mildew heart disease and the correct discriminating rate of verification
set reached 87.7% and 86.2% respectively. 1t shows that the electronic nose and near-infrared spectroscopy used for
distinguishing apple mold core are feasible.

Key words apple, moldy core, FT-NIRS, electronic nose, chemometric
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Fig.1 Near infrared spectra of healthy apples and mildew apples
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Fig.2 The cumulative contribution rate of the first 20 principal components extracted from the original spectrum
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+1.067X,+0.272X ,+0.001X ,—0.549X ,—0.808X ,—0.814X +0.191X,,
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Tab.1 The results of Fisher discriminant model for training sets and validation sets with different principal component Numbers

AR HORR -
L5 Erks HAER%/%
RA  REN EHR% RAN B EMR%

PC1~PC5 123 9 92.7 32 22 31.2 80.0

g PC1-PCI10 123 6 95.1 32 19 40.6 83.9
PC1~PC15 123 6 95.1 32 9 71.9 90.3
PC1~PC20 123 5 95.9 32 10 68.8 90.3

. R —~ 2

AT PC1~PCI15 40 12 70.0 10 2 80.0 72.0

PC1~PC20 40 15 62.5 10 0 100.0 70.0

214 BT ERH S 2 B BN 251 £ 1) 48
Xt 11 2 B A IR AR A T HE AR SR LR 2. g0, SRR R AE i S A k) B HERR R 0 A 90.5%
M1 87.7%. TEMAAE T, (8BRS SL B2 0005 37 J 6 ) 1) HE 7 22 40 531 1A 3] 89.4%F1 80.0%
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Tab.2 The results of MLP neural network model for training sets and test sets

E R B
415 #e 5 SR b TR %
i e R

il SR 116 109 7 94.0

s TLAE 32 7 25 78.1
it 148 116 32 90.5

fH e R 47 42 5 89.4

iline AR 10 2 8 80.0
it 57 44 13 87.7
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2.2.1 Fisher #| 3
Fisher J| 5 77 F2 A -
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+1535.0125,+79.1115,~1414.4015 422862795, + 2585 5375,
BOMER: W =—9300.939+13715.2325,—39.1835,— 4386.0515 +7361.3785,~ 31355575,
+1541.9415,+79.8255, 1425 0878+ 2230.1138,+ 2650.5925
A SFRHET RS i M, i=1, 2, ..., 10
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HETIR N 92.3%, K36 UESE (1 SR T HER RN 74%, HERRAM 2R, EX RS T, i 50 3 50
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Tab.3 The result of Fisher discriminant function on apple test

TE i3 5] A 8
413 g e TSR Tl R %
{iE e B AR
il e e 123 120 3 97.6
HRHAE F IR 32 9 23 71.9
il 155 129 26 923
il e R 40 30 10 75.0
BGiEdE WL HER 10 3 7 70.0
&it 50 33 17 74.0

222 ZERANEE ( MLP ) #HE M %%
F 4 W[, MLP #4825 B89I| 2R 5 AR R D HEF R A 87.9%, IR 48 14 8 A4 ) ) i o Ry
86.2% . {H 2Oy 57 FL A 52 A1 2R 1) 0 ) &5 BRI BAK, 40 5108 64.7%F1 68%.
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Tab.4 The result of MLP neural network model on apple test

EA 3] 5] 5 ¥

“i5) Je5 S HSE O HE 2%
i BEWER BLRTER

(@R 115 106 9 922
s AR 25 8 17 68.0
&it 140 114 26 87.9
fi FleE 48 45 3 93.8
T4 4 LG 17 6 1 64.7
it 65 51 14 86.2

223 ZmERY ( RBF ) HEM%
5 u[ R, Wil RBF #4848 R Fill, I 2R 26 10 e R R R HE TR R Ol 86.3%, MM 4 11 A8 44 11 1)
AER 22N 82.4%, {H ML Hh 82 0o 93 3 SR B E R 22U 50%, KT SRR Bl HERR 26 .
965 RBEFZ 2 BT 05 0 0 ot

Tab.5 The result of RBF neural network model on apple test

TE Rl 31 A B
H50 He EFHE A TH AR A%
{RFENERE BORER
filt e 4 103 98 5 95.1
il 25 LA 28 13 15 53.6
it 131 111 20 86.3
{1k B 60 54 6 90.0
HIUER R S B 14 7 7 50.0
it 74 61 13 824

LR ERTIR, WY B 45 Fisher 5 bR A0 G2 BAE 1 40 0 45 R awc i, (B8R 56 1 T AE B R BT
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