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The Evaluation of Total Soluble Solid on Sugar cane Stalk using Near Infrared
Spectroscopy Hyperspectral Imaging Technique
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ABSTRACT

Near-infrared hyperspectral imaging technique (NIR-HSI) is an inspection method that
is applied to evaluate the quality of agricultural materials without the need to destroy the
sample. It is also accurate and fast. In this study, near infrared hyperspectral imaging technique
was performed to develop the total soluble solid (TSS) predicting model from Khon Kaen 3
variety sugar cane stalk aged 8-11 months. The obtained data were in the form of three-
dimensional spectral data (Hypercube) within wavelength of 900-1,700 nm which were derived
from reflectance measurement. TSS data from the reference method were used to create a
calibration model with Partial Least Squares Regression (PLSR). The sugar cane samples were
measured for absorbance before and after stalk’s surface wax removal. It was found that the
predicting model from samples without wax had the best predictive results, providing coefficient
of determination (R?) of 0.87, standard error of prediction (SEP) of 0.97 °Brix, and RPD of
2.77. This indicated that the predictive equations were effective for use in quality evaluation.
The model was thereafter applied to the absorbance data of each pixel in the hypercube data,
and the distribution of TSS values on the sugar cane stalk surface was obtained. The distribution
map was able to visualise only for the upper half of the cane sample, which was the limitation
of this method when measuring a cylindrical object. This still requires further development of
appropriate measurements. However, the results showed the feasibility of using NIR-HSI to
evaluate the total soluble solid (TSS), which can be used instead of conventional methods
in laboratories. It could also be used for visually detecting the right maturity of the sugar cane
in the field

Keywords: total soluble solid, sugar cane stalk, near infrared spectroscopy hyperspectral

imaging technique
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Figure 3 Reflectance measurement of HSI
system equipped with translational moving

platform
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Figure 4 Three-dimensional data (3D-hyper-
cube) of sugar cane stalk obtained from NIR-

HSI system
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Figure 5 Original (A) and second derivative (B) spectra of sugar cane stalks with and

without wax on stalk’s surface

Table 1 Descriptive statistics of total soluble solids (TSS) in sugar cane stalks for calibration
and validation sets

Sample set Number of samples Min Max Means standard deviation
TSS (°Brix) Calibration 200 11.35 24.26 19.822.74
Validation 100 13.26 24.02 19.862.69

Table 2 Total soluble solids (°Brix) in sugar cane stalk derived from different position and age

Age (months)

Position

8 9 10 11
Bottom 20.30 a 2146 a 2324 a 2324 a
Mid 1931 b 21.08 b 2329 a 2321 a
Top 1710 c 1872 ¢ 2257 b 2253 b
Average 18.90 2042 23.03 22.99
CV. (%) 457 532 2.23 2.84

Means in the same column follow by a common letter are not significantly different at the 5% level by DMRT
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Table 3 Calibration and validation results of total soluble solids (TSS) in sugar cane stalks

with and without surface waxes

Calibration Validation
No. of latent (n = 200) (n = 100)
Method Pretreatmen* K RPD
variables R SEC R SEP Bias
(°Brix) (°Brix) (%)
Wax SM 12 0.84 1.25 0.81 1.30 -0.138 2.31
Without wax 1D 8 0.90 0.86 0.87 097 0.122 277
*SM = Savitzky-Golay smoothing with 3 smoothing points.
1D = Savitzky-Golay first derivative with 15 smoothing points.
SEC = stanard error of calibration
R’=0.90 R°=0.87
A B

Figure 6 Scatter plots of calibration (A) and validation (B) results of total soluble solids (TSS) from

partial least squares (PLS) model obtained from wax-removed sugar cane stalks

970 nm

1440 nm

1390 nm
N

Vs 1200 nm

Figure 7 Regression coefficient of the model obtained from wax-removed sugar cane stalks
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Figure 8 Total soluble solids (TSS) mapping in sugar cane stalks using color illustrations from

NIR-HSI system
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