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Introduction

Nondestructive quality evaluation schemes for agricultural products using near infrared (NIR)
spectroscopy have been developed since Norris detected the difference in moisture content in grain in
1965.1 Norris revealed that diffuse reflectance and transmittance spectra of agricultural products con-
tain information about chemical structures because each of the structures has specific absorption prop-
erties.2 This detection is profitable for both producers and consumers, since NIR can predict internal
compositions of products. The producers can provide valuable products and consumers can receive
high quality foods. Through Norris’ contribution, NIR spectroscopy has been used practically and
spread widely as an automatic on-line method for evaluating food quality.

A number of studies using NIR spectroscopy have been performed to determine compositions of
different types of fruits and vegetables. Most research uses the regression approach and shows high
correlations as follows. Birth et al. determined dry matter in onions3 and Dull et al. determined soluble
solids in cantaloupe melons.4 Kawano et al. analysed sugar content of intact peaches and showed high
correlation (R = 0.97) between NIR measurements and Brix values which indicate the sweetness of
the fruit.5 Temma and his colleagues revealed high correlations between NIR measurements and con-
stituents of apples including Brix value (R = 0.94), sourness (R = 0.83) and firmness (R = 0.75).6

In this paper, a K-mean algorithm is applied to the analysis of intact apples for sugar content. The
K-mean algorithm is a clustering algorithm proposed by MacQueen.7 The clustering is a grouping of
data with similar characteristics and is used for various data analyses including spectral computing.8

K-mean algorithm

The K-mean algorithm is a clustering method for grouping data with similar characteristics and the
steps of the algorithm are as follows.9

1. Partition the input vectors into K clusters randomly and compute the central points of the clusters
as an initial condition.

2. Assign each vector to the cluster with the nearest central point and update the central points and
the clusters.

3. After several iterations, when the change of the cluster becomes small, the programme is termi-
nated.
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Experiments

Spectral acquisition

NIR spectra were acquired with an NIR instrument shown in Figure 1. The instrument has three
components. One component is an “Interactance Probe”. The fibre-optic probe used has an outer ring
illuminator and inner ring receptor (Figure 2). The sample was located on the urethane cushion in a
cylindrical case. Another component is an NIR spectrophotometer called NIRSystem 6500. A
absorbance of the sample was measured by comparing near infrared energy reflected from the sample
with that from the standard reference (8 cm-diameter teflon sphere). Teflon was used as a standard ma-
terial because it has low absorption. Birth et al. also used a Teflon rod as a standard reference. The
other component is a PC.

67 intact apples (variety Fuji), cultivated in Aomori prefecture in Japan, were used as the sample.
The experiment was performed at 22°C. The spectral data were acquired every 2 nm from 400 to
1100 nm and data from 750 to 1050 nm were used in subseuqent calculations.

Chemical measurement

Reference chemical measurements of Brix values were performed after NIR spectra were ac-
quired. The Brix values are determined using a commercially available refractometer.

Results and discussion
Figure 3 shows the original NIR spectra of the 67 apples. Since NIR spectra of foods are composed

of broadbands arising from overlapping absorption, 2nd derivative spectra are used for calculation.
With the single regression, the highest correla-
tion coefficient is –0.654 when the wavelength
of the spectrum is 904 nm (segment size is 8 nm
and gap size is 0 nm). Therefore, the following
calculations were performed using the condi-
tions mentioned above. Table 1 is a quotation
from Near Infrared Spectroscopy of Food
Analysis10 and shows absorbance wavelengths
against specific chemical structures.
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Figure 1. NIR instrument. Figure 2. Interactance probe.

Vibration Wavelength (nm)

C–H str. third overtone 874, 900, 913, 938

O–H str. second overtone 990, 1000

2 × C–H str. +  3 × C–H def. 1015

Table 1. NIR absorbance wavelengths.
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Figure 4. 2nd derivative data (R: reflectance).

Figure 5. Correlation coefficients between d2log(1/R) and Brix value plotted against wavelength.

Figure 3. Original spectra of apples (R: reflectance).
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Figure 4 shows the 2nd derivative spectra and Figure 5 shows correlation coefficients between the
Brix values and 2nd derivative spectra which are called “correlation plots”. In the case of the 2nd deriva-
tive spectra, the correlation plots should show negative peaks at the sugar bands. Therefore, the three
wavelengths, 832, 884 and 952 nm, which show high positive correlation coefficients, are not re-
garded as the absorbance wavelengths.

The K-mean analysis was performed with a 57 sample calibration set and a 10 sample prediction
set. The input is the spectra at the two wavelengths and the output is five Brix values which are the
mean Brix values of the samples of the five clusters in the calibration set. The number of iterations is
100. In order to estimate the K-mean results, the regression results are measured (Figure 6). Figure 7
shows the plots of the samples in the calibration set. The circles indicate the central points of the cluster
and the other marks indicate the samples which belong to the same cluster. The K-mean results show
correlations between the actual and predicted Brix values as high as those produced by the regression
results. In Figure 6, K-mean results are shown for the best values of correlation coefficients when ini-
tial conditions are changed. The highest correlation coefficient of K-mean is 0.939. However, the coef-
ficient is calculated with the spectra at 804 and 904 nm. According to the NIR absorbance wavelengths
shown in Table 1, 801 nm is not considered as an NIR absorbance. Then, the highest correlation coeffi-
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Figure 7. Plots of the sample . The clustering results with the spectra at (a) 856 and 904 nm and (b) 904
and 912 nm. The circle indicates the central point of the cluster and the other marks indicate the
samples of each cluster.

Figure 6. Correlation coefficient between actual and computed Brix value plotted against the second
wavelength (the first wavelength: 904 nm.
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cient related to the absorbance is 0.926 at 865 and 904 nm [Figure 8(b)]. On the other hand, that of re-
gression is 0.933 at 862 and 904 nm [Figure 8(a)].

The difference between K-mean and regression occurs when the spectra at 904 and over 906 nm
are used for the analysis. When the spectra at 904 and 912 nm are chosen, the K-mean result shows a
higher correlation than the regression (Figure 9). It is noted that 912 nm is considered as a NIR
absorbance in Table 1.

Finally, it is confirmed that the K-mean analysis shows high correlations between the actual and
computed Brix values corresponding to the selection of the used wavelengths.

Conclusion
In this paper, a new approach analysing near infrared spectroscopy of apples using K-mean algo-

rithm is proposed. The result of K-mean analysis shows correlations between the actual and computed
Brix values which are as high as those produced by regression analysis. Moreover, it is confirmed that
the K-mean analysis shows high correlations between the actual and computed Brix values corre-
sponding to the selection of the wavelengths used.
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Figure 9. Plot of actual vs predicted Brix value. The results are calculated using wavelengths of 904 and
912 nm for both (a) the regression and (b) the K-mean procedures.

Figure 8. Plot of actual vs predicted Brix value. The regression result is calculated using (a) wavelengths
862 and 904 nm and (b) the K-mean result is calculated using wavelengths 865 and 904 nm.
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