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Discrimination and Identification of Bruised Apples and Apple Varieties by FT-NIR
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(1. College of Food Science and Engineering, Northwest A & F University, Yangling 712100, China;
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Abstract: Near-infrared (NIR) spectroscopy was applied to rapidly and non-destructively distinguish between bruised and
intact apples and identify different apple varieties. Besides, the effect of different discrimination methods on the distinguishing
and identification models obtained was investigated. The results indicated that discrimination models were developed based on
the first five principal components in the range from 12000 cm™ to 4000 cm* from the NIR spectra of bruised and intact apples
subjected to wavelet pretreatment using three different discrimination methods, multilayer perceptron (MLP) neural network,
radial basis function (RBF) neural network and Fisher line discriminant analysis (Fisher-DA) with discrimination accuracy rates
of 97.8%, 87.2% and 84.8%, respectively for unknown samples. The Fisher linear discriminant analysis model established based
on multiple linear regression and the loading weights showed a discrimination accuracy rate of 89.1% compared with 100% for
the model established using partial least squares discriminant analysis (PLS-DA). The discrimination accuracy rates of the PLS-
DA model for the training and validation sets were both 100%, and therefore the PLS-DA model was superior to others. A better
discrimination model was established based on the first six principal components of the NIR spectra of different apple varieties
subjected to smoothing pretreatment in the full wavelength range of 12000—4000 cm* than in the empirical range of 8000—
4500 cm* with discrimination accuracy rates of 90.9% and 92.1% for the predication and validation sets, respectively. In
conclusion, the combination of NIR and chemometrics can provide a rapid and non-destructive approach to discriminate whether
apples are bruised and identify different apple varieties.
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Fig.1 NIR spectra of non-bruised and bruised Gala apples
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Table 1 Discrimination results obtained for the training and valida-
tion sets using the MLP neural network model
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Table 2 Discrimination results obtained for the training and valida-
tion sets using the RBF neural network model
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Table 3 Discrimination results obtained for the training and valida-

tion sets using the Fisher linear discriminant analysis model established
based on principal component analysis
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Table 4 Discrimination results obtained for the training and valida-
tion sets using the Fisher linear discriminant analysis model established
based on fingerprinting analysis
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Table 5 Discrimination results obtained for the validation set using the

PLS-DA model
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Fig.2 Smoothed NIR spectra of non-bruised and bruised Gala apples
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PLS-DA model

TS
PCy PC. PCs PCs PCs  PCe

g A fom

SR % 12000~4000 62.03 96.15 99.06  99.75 99.85 99.91

EAIAY I

i ’ 8000~4500 90.14 9745 9959  99.89 - -
. 12000~4000 62.03 412 291 0.70 010  0.06
TTHRE %

8000~4500 90.14 731 214 0.30 - -

2221  Ji12000~4000cm™ jif F 7 H Py $EEL A AT 6 4~ 32
J 53 T 22 2 A A (ML P) fift £ o 255 A5 72
(1) BERSEIE

AWFFLENT 3 JZ MLP 42 W 28 BT R4 N J2 - B
2 - )2, BT EREU AT 6 4 32 il ARG
FEMGEE, WMLP LMK MANE N6, BEZEN
12, HHEN B (RIS RAR SR 42 AR &,
“1vofREkmga, “27 IO, 37 7 L),
Ba i 2 A S, BaS 2 A 2 R B ke e . &
SPSS19.0 %2 it &, 19t ALk B & 2 0
BREC R IE VIR, Ba 2 AL EOh 4 R 2 R
TE PR Softmax FR%.
(2 MLP #2512 i S 5 R0 45 2R

WG IS H, AL MLP g R, ik
(284 M)A EGEE (76 /M) U 25 R 7. n] DA RS %)
IR FEAR IR IE AR R0 260 90.8%, JLrhEs 1 28(
W) A A TR IE B UM e B e, GAE 96.6%; 3 3 K (FrY
EYERRA R A, 4 90.9%. K uF4EFEA S 1IN
BE N 92.1%, JLrp s 1 (MR kL) A A 1) 1E A 1 R i
B, N 93.9%. Rk, FIFH AR BOGEE I 3 oo 4 A
MLP 125 I 25 ] LA 23 AN 7] it ol 1) 3 5L

7 12000~4000cm WHTEE K MLP #iZ M2 BRI 360 4
FE IR 45 R
Table 7 Recognition results obtained for 360 samples using the MLP
neural network model based on the first six principal components in
the range of 12000 — 4000 cm™*
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Table 8 Recognition results obtained for 360 samples using the MLP

neural network model based on the first four principal components in
the range of 8000 — 4500 cm™
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