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Development of Nitrate Content Prediction Technique of Aloe Vera Leaves

using Nondestructive Technique by Near Infrared Spectroscopy
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ABSTRACT

This study examined the use of near-infrared spectroscopy to assess nitrate
concentration of freshly harvested aloe vera leaves. Equations for predicting nitrate
concentration of aloe vera leaves were developed in this work, based on the analysis of 80
samples. The NIR spectra were collected from different positions on the outer rind,
specifically the apex, center, and base. Subsequently, the outer layer of the corresponding
sites was removed and the concentration of nitrate in the aloe vera gel was examined by
nitrate ion meter. The partial least squares regression (PLSR) method was employed to
create a prediction equation for the nitrate content. The equation derived from the spectra
obtained at the central position demonstrated the highest accuracy, as indicated by a
correlation coefficient of prediction of 0.98 and root mean squared error of prediction of 3.50
ppm. The regression coefficients of the nitrate prediction equations were dominated at the
wavelengths of 957, 1104 and 1154 nm. Therefore, it is possible to use the NIRS technique to
predict the nitrate content of aloe vera leaves without destroying the sample. This technique

will allow a quick and accurate measurement of the nitrate content in aloe vera leaves.
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Figure 1 Positions made on the outer rind of an aloe vera leaf for acquiring near infrared spectra
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Figure 2 Original (A) and second derivative (B) spectra of aloe vera leaves
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Table 1 Calibration and validation results of PLSR based on preprocessed spectra for predicting

nitrate content in different positions of aloe vera leaf

Calibration Validation
Position Factors R RMSEC R RMSEP Bias
(Hg/g) (ug/e) (us/g)
Base 9 0.95 6.66 0.57 20.14 -2.43
Middle 11 0.98 3.71 0.75 14.10 -0.46
Apex 3 0.63 15.54 0.49 17.71 -0.27
Average 17 0.98 3.68 0.72 15.68 -0.81

RMSEC = Root mean squared error of calibration
RMSEP = Root mean squared error of prediction
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Table 2 Statistical results for predicting nitrate content from PLSR models using various

pretreatments
Calibration (n = 60) Prediction (n = 20)

Pretreatment Factors R RMSEC R RMSECV R RMSEP
(ug/g) (ug/g) (bg/9)

Original 4 0.66 15.93 0.53 18.19 0.67 15.77
SMT 17 0.98 3.39 0.73 15.42 -0.07 53.68
1D 13 0.98 3.02 0.76 14.00 0.47 41,821.04
2D 11 0.98 3.71 0.75 14.10 0.58 9,236.74
SNV 2 0.64 16.38 0.56 17.73 0.62 17.32
1D + SNV 11 0.98 4.18 0.74 14.36 0.09 1,259.93
2D + SNV 8 0.96 5.35 0.72 14.85 -0.33 874.70
SMT + 1D 12 0.97 5.11 0.79 13.42 -0.01 64,004.13
SMT + 2D 16 0.98 3.50 0.95 5.99 0.98 3.50
SMT + SNV 14 0.97 4.63 0.72 15.75 0.11 598.23
SMT + 1D + SNV 11 0.96 5.35 0.78 13.73 0.09 651.55
SMT + 2D + SNV 12 0.97 4.73 0.79 13.24 0.03 193.43

SMT = Savitzky-Golay smoothing

1D = Savitzky-Golay first derivative

2D = Savitzky-Golay second derivative

SNV = Standard normal variate
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Figure 3 Scatter plots of measured nitrate content versus predicted nitrate content of aloe

vera leaves in the calibration model (A) and validation model (B)
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