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destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
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Abstract.The Vis-NIR spectroscopy technology was studied on nondestructive
measurement of sugar content in navel orange. Three different spectral ranges
of 450-1000nm,1000-1800nm and 450-1800nm were selected, respectively and
five different spectral pre-processing methods of Standard Normal Variate
(SNV), first derivative (FD), second derivative (SD), multiplicative scatter
correction (MSC) and smoothing were used for establishing the partial least
squares(PLS)models, which was determined the sugar content in navel orange.
The results showed that the model developed from 450-1800nm spectroscopy
after SNV pre-processing achieved the optimal performance. The correlation
coefficient (r2) of the calibration set and validation set were 0.9349 and 0.8514
respectively, and the root mean squared error of calibration and validation sets
were 0.8017 and 1.1649, respectively. The research indicated that the Vis-NIR
spectroscopy technique was feasible to nondestructive measurement of sugar
content in navel orange.
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1 Introduction
Currently, the fresh fruit need to meet certain quality grade requirements before they
are shipped to the marketplace. These requirements include fruit outward
characteristics (i.e. size, color, and shape) and internal quality attributes (sugar, acid,
firmness，etc.). With the continuous improvement of people's living standard, the
quality requirements of fruit are more and more focus on internal quality attributes.
As a quality attribute of fruits, sugar content will directly impacts on consumers’
purchase demand。
Visible-Near infrared spectroscopy (Vis-NIRs) is one of the fastest growing
analytical technologies in recent years. It has several advantages compared to
traditional chemical methods: speed, non-destructed of sample, avoidance of the use
of chemicals and simplicity of sample preparation. Researchers have shown for years
that Vis-NIR spectroscopy is a suitable technique for sugar content measurement in
various fruits: nectarine[1], apple[2-5], Nanfeng mandarin[6], and citrus[7]. Vis-NIR
was also used for measurement the quality attributes of tea[8], Chlorophyll[9], pork[10],
etc. The development of equipment with improved electronic and optical components
and the advent of computers capable of effectively processing the information
contained in Vis-NIR spectra has facilitated the expansion of this technique in an
increasing number of fields.
This paper focuses on the navel orange sugar content results obtained by using
different spectral ranges and different spectral pre-processing methods to establish the
validation models of partial least squares (PLS).

2 Materials and Methods
2.1 Navel orange samples

Two hundred and seventy navel orange samples were used for the experiment. These
navel oranges were harvested from an orchard at Ningdu county, Jiangxi province,
China. The samples were placed at room temperature (10℃) and relative humidity
(60%) for 168h before the experiment. Total of samples were divided into two

groups: 185 samples were designed as calibration models set for model development
and the remaining as validation set for validation. The selection of samples for
calibration and validation was random and the samples’ sugar content of validation
was among the region of calibration samples’ sugar content.

2.2 Vis-NIR Imaging System
Figure1 shows the Vis-NIRs imaging system. The system mainly consisted of an
imaging spectrograph QualitySpec Pro (Analytical Spectral Devices, Inc., USA) with
a spectral range from 350nm to 1800nm, appropriate lighting sources, optical fiber
and a computer. Spectra of the samples were obtained with 1nm interval and scan
frequency was 10 times. Indico software (version 4.0, Analytical Spectral Devices,
Inc., USA) was used for spectra data. Each navel orange was measured 6 times,
rotating 60° was taken on the equatorial zone of the navel orange. The average of the
6 measurements was used later for date processing. In the measurement, note that to
prevent light leakage and avoid scratches, scars and other surface defects as much as
possible.

Fig.1. Vis-NIRs system

2.3 Experimental procedure
After the imaging, Extracted juice of each navel orange flesh was filtered and then
taken for sugar content measurement by a digital refractometer (Model PR-101,Atago
Co. Ltd, Tokyo, Japan). Each sample was measured 9 times with the squeezing juice.
The average of the 9 measurements was used later for date processing.

2.4 Spectral data Processing
The raw Vis-NIR spectral profiles of navel oranges are shown in figure 2. It can be
seen that the spectra contain a lot of noises from wavelengths between 350 to 449nm,
and absorption peak due to water around 1000nm. Thus, the raw spectrum was
divided into three different spectral ranges: 450-1000nm, 1000-1800nm and
450-1800nm, and then five different spectral pre-processing methods of standard
orthogonal variable transformation (SNV), first derivative (FD), second derivative
(SD), multiplicative scatter correction (MSC) and smoothing were used. Spectral
pre-processing of raw spectra data were applied to all measured spectra to reduce the
effects of high-frequency random noise, baseline drift, sample particle size and light
scattering etc, which can effectively adjust near-infrared spectrum[11].

Fig 2. Raw spectra of navel oranges

Software Unscrambler (version 9.7, CAMO AS, Trondheim, Norway) and
Matlab 7.1(Mathworks, Inc., USA) were used to analysis Vis-NIR spectroscopic data.
Spectra from the Indico software were exported to suitable format.

3 Result and Discussion
3.1 Pre-processing methods
Partial least squares (PLS) is a very popular regression method in application of
Vis-NIR spectroscopy. In this study, PLS regression combined with spectral
pre-processing such as derivative, standard normal variate transformation (SNV),
multiplicative scatter correction (MSC) and smoothing was used to develop
calibration models. PLS analysis was carried out to determine the optimal set of
wavelengths and to develop calibration models using the statistical software
Unscrambler.
Calibration models were compared using the root mean squared error of calibration
(RMSEC), root mean squared error of prediction (RMSEP), and correlation
coefficients (r2) for calibration and validation. A good model should have a low
RMSEC, a low RMSEP and a high r2 value. The calculation of RMSEC indicated
how well the model fits the calibration data, and the parameter of RMSEP was
reported as an indication of the model validation capability. RMSEC and RMSEP
were calculated based on the following formulas:
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Where:IC--- number of samples in the calibration set; IP --- number of samples in
∧

the validation set; yi ----- measured value of the ith sample;
the i th sample;

yi ----- predicted value of

3.2 Calibration and Validation Models
Table 1 shows the PLS models results of different pre-processing methods and
spectral ranges. The best wavelength range was from 450 to 1800 nm, which was
wider than the other two wavelength ranges (450~1000 nm and 1000~1800 nm). It
covers the visible and NIR spectral regions. Comparing the results in table 1, it shows
that the optimal PLS model is obtained in the range of 450-1800nm and by the
spectral data preprocessing method of SNV. For calibration, the correlation
coefficient r2 and the RMSEC is 0.8514 and 0.8017 respectively. For validation, the
correlation coefficient r2 and the RMSEP is 0.8514, and 1.1649 respectively.
Table 1 PLS models results of different pre-processing methods and spectral ranges

Wavelength
Range/nm
450~1800

450~1000

1000~1800

Spectral
Pre-processing
Method
SNV
FD
SD
MSC
Smoothing
SNV
FD
SD
MSC
Smoothing
SNV
FD
SD
MSC
Smoothing

Calibration
Factors
17
7
6
18
19
13
5
6
14
13
14
7
5
14
15

r2
0.9349
0.8556
0.7885
0.9397
0.9315
0.8875
0.8044
0.7634
0.9020
0.8894
0.8857
0.8889
0.8854
0.8853
0.8728

RMSEC
0.8017
1.1941
1.4452
0.7718
0.8224
1.0587
1.3900
1.5287
0.9840
1.0451
1.0627
1.0475
1.0639
1.0644
1.1209

Validation
r2
0.8514
0.8063
0.6972
0.8434
0.8305
0.7739
0.7924
0.7056
0.8000
0.7691
0.8471
0.7634
0.5272
0.8475
0.8505

RMSEP
1.1649
1.3302
1.6630
1.1960
1.2443
1.4372
1.3772
1.6340
1.3514
1.4524
1.1819
1.4700
2.0780
1.1804
1.1684

Figure 3 shows the calibration result using PLS and SNV spectral pre-processing
in the wavelength range of 450-1800nm for 185 intact navel oranges with a
calibration correlation coefficient r2 of 0.8514 , a RMSEC of 0.8017 and figure 4
shows the validation result for the left 85 samples with a validation correlation
coefficient r2 of 0.8514, a RMSEP of 1.1649. As the error that happened in chemical
test and instruments, the result of validation was not good enough, so the next step
research is to change the method to improve the predict capability. It was concluded

that Vis-NIR reflection method yields a satisfied estimate of sugar content value in
intact navel orange.

Fig.3. the optimal model of the calibration set

Fig.4. the optimal model of the validation set
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Conclusions

This research indicated that it is possible to develop a nondestructive method for
measuring the navel orange sugar content by Vis-NIR spectroscopy. The results
showed that the PLS model developed from 450-1800nm spectroscopy after SNV
pre-processing method achieved the optimal performance. The correlation coefficient
(r2)of the optimal model of the calibration set and validation set were 0.9349 and

0.8514 respectively and root mean squared error of calibration and root mean squared
error of validation were 0.8017 and 1.1649 respectively. It can be concluded that
VIS/NIR spectroscopy could be a reliable, accurate, and fast method for
measurements sugar content of navel orange.
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