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Discrimination of Internally Browned Apples Utilizing Near-Infrared
Non-Destructive Fruit Sorting System
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Abstract There is a lack of studies comparing the internal quality of fruit with its external quality.
However, issues of internal quality of fruit such as internal browning are important. We propose a
method of classifying normal apples and internally browned apples using a near-infrared (NIR)
non-destructive system. Specifically, we found the optimal wavelength and characteristics of the spectra
for determining the internal browning of Fuji apples. The NIR spectra of apples were obtained in the
wavelength range of 470-1150 nm. A group of normal apples and a group of internally browned apples
were identified using principal component analysis (PCA), and a partial least squares regression (PLSR)
analysis was performed to develop and evaluate the discriminant model. The PCA analysis revealed a
clear difference between the normal and internally browned apples. From the PLSR, the correlation
coefficient of the predictive model without pretreatment was determined to be 0.902 with an RMSE value
of 0.157. The correlation coefficient of the predictive model with pretreatment was 0.906 with an RMSE
value of 0.154. The results show that this model is suitable for classifying normal and internally browned
apples and that it can be applied for the sorting and evaluation of agricultural products for internal and

external defects.
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Fig. 1. Pictures of experimental samples sound apples
and internal browning apples using DSLR camera
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Fig. 2. Flowchart of Experimental procedure
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Fig. 3. Based on Near Infrared Ray(NIR)
Non-Destructive Spectrum system

System

Table 1. Specifications of the spectrophotometer,
non-destructive used in this experiment

Parameter Specification

Wavelength range 470~1150 nm

Light source Tungsten halogen lamp

Spectral resolution 0.3~10.0 nm

Integration time 3.8 ms~10 seconds
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Where, n denotes number of samples, y denotes

predicted values by PLSR, y denotes measured
values by experiment
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Fig. 4. Original absorption spectra of normal
apples and internal browned apples in
the wavelength range from 470 to 1150
nm: (a) spectra of normal apples and (b)
spectra of browned apples
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Table 2. Summary statistics calibration and
prediction results of apple fruit

No. of  Calibration Validation
Preprocessing Methods factors  RE RMSE R RMSE
Raw 5 0912 0.148 0.902 0.157
MSC 4 0762 0.243 0.729 0.261
SNV 3 0.856 0.190 0.848 0.195
Baseline 5 0911 0.149 0901 0.158
Mean 3 0.900 0.158 0.895 0.162
Normalization ~ Max 4 0.902 0.156 0.898 0.160
Range 4 0.893 0.162 0.888 0.168
Smoothing 5 0.900 0.150 0.902 0.157
1st Derivative 5 0.918 0.143 0906 0.154
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