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An Empirical Study on the Improvement of the Accuracy of the Equation for Intact

Orange Fruit Internal Quality Prediction Using Peel Near Infrared Absorbtion Spectra
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ABATRACT

In this research, the improvement of the accuracy of orange fruit internal quality prediction
using the fruit peel absorbance spectra in a Near Infrared Spectroscope of 1100-2500 nm was
investigated. A sample of 204 oranges was divided into a calibration set of 137 fruits and a prediction
set of 67 fruits. The diffuse reflectance of each intact fruit was measured before its juice was extracted
for the determination of soluble solids content and total acidity. Results showed that Partial Least
Squares Discriminant Analysis (PLS-DA) was applicable for the determination of the wave bands
associated with the peel absorbance. Therefore, the wave bands associated with the peel absorbance
were used to normalize intact fruit spectra. The normalized spectra were pretreated with second
derivative (2D) or multiplicative scatter correction (MSC) prior to analysis with Partial Least Squares
Regression (PLSR).

The normalized spectra resulted in lower error in the prediction of soluble solids content and
total acidity. With respect to the prediction of soluble solids content, the Root Mean Square Error of
Prediction (RMSEP) and the correlation coefficient (R) of measured spectra were 0.478 and 0.845 and
of normalized spectra were 0.462 and 0.845, respectively. With relevant to the prediction of total
acidity, the RMSEP and R of measured spectra were 0.096 and 0.744 and of normalized spectra were
0.076 and 0.912, respectively. This empirical study showed possibility to use wave bands associated

with the peel absorbtion spectra for improving intact orange fruit internal quality prediction.
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Figure 1 The near infrared spectroscopy instrument (InfraAlyzer 500) and scanning of citrus
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Figure 2 Average long wavelength spectra of intact fruit, peeled fruit, peel and juice
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Figure 3 Score Plot between fruit peel and peeled fruit in long wavelength region (a) PC1 and PC2 (b)
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libration and prediction orange fruit samples

Soluble solids content (*Brix)

Total acidity (%)

Calibration Prediction Calibration Prediction
Number of Sample 137 67 137 67
Min. 8.533 8.967 0.310 0.335
Max. 12.800 12.100 0.975 0.895
Mean 10.585 10.577 0.545 0.541
SD 0.778 0.734 0.137 0.128

Table 2 Calibration and prediction figures of soluble

juice from PLSR

solids content of intact fruit, peeled fruit, peel and

Pretreatment F R® SEC® R’ SEP®  BIAS® RMSEP°
Intact fruit ~ neasured spectra 10 0.845 0.416 0.768 0.479 0.052  0.478
Peeled fruit MSC 4 0569 0639 0715 0.610 -0.008 0.606
Peel MSC 5 0693 056 0521 0521 0.039 0519
Juice 2D 4 0960 0218 0.946 0.239 0.040  0.241

F is the number of factor used for the PLSR

R’ is correlation coefficient of prediction

MSC is multiplicative scatter correction

RMSEP is Root Mean Square Error of Prediction

“Unit is *Brix

R”is correlation coefficient of calibration
2D is second derivative
SEC is standard error of calibration

SEP is standard error of prediction
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Table 3 Calibration and prediction figures of total acidity of intact fruit, peeled fruit, peel and juice from

PLSR

d

Pretreatment F R SEC R SEP’  BIAS® RMSEP’

Intact fruit 2D 10 0.744 0.092 0.662 0.097 -0.009 0.096
Peeled fruit measured spectra 8 0.628 0.107 0.284 0.128 -0.024 0.129

Peel 2D 4 0378 0127 0335 0.121 -0.006 0.120
Juice measured spectra 11 0.973 0.082 0.813 0.084 -0.010 0.084
“Unit is %

Table 4 Improvement of calibration equation of soluble solids content in intact citrus with normalization

based on division, subtraction and wavelength removal

Pretreatment F R SEC R SEP BIAS RMSEP
ANA, 5 original spectra 10 0.8552  0.403 0.765 0.484 0.030 0.481
A-A s original spectra 10 0.845 0.416 0.778 0.462 0.061 0.462
A MSC 10  0.860 0.397 0.782 0.465 0.038 0.463

1128-1144, 1654-1672

Ay/A, 4, dividing total absorbance (A)) with absorbance of 1130 nm (A, )

Ap-A ¢, SUbtracting total absorbance (Ay) with absorbance of 1660 nm (A, ;)

A removal of wavelength range of 1128 to 1144 nm (A, 5 ,,,,) @nd of 1654 to 1672

1128-1144, 1654-1672

nm (A from whole range spectra

1654-1 672)

Table 5 Improvement of calibration equation of total acidity in intact citrus with normalization based on

division, subtraction and wavelength removal

Pretreatment F R SEC R SEP BIAS RMSEP
A, 2D 14 0.912 0.056 0.823 0.076 -0.007 0.076
A-A L, 2D 14 0917 0.055 0.815 0.079 -0.007 0.078
A 2D 14 0.916 0.055 0.819 0.077 -0.007 0.077

1654-1672

Ay/A 4, dividing total absorbance (A ) with absorbance of 1654nm (A,.,)

A)-A,,,, subtracting total absorbance (Aj) with absorbance of 1140 nm (A,,,,)

A 54167, FeMoval of wavelength range of 1654 t01672 nm (A, 4, 7, from whole range spectra
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