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Quantitative analysis of sorghum starch using machine learning

and near-infrared spectroscopy
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(1. College of Food Science and Technology, Hunan Agricultural University, Changsha, Hunan 410128, China;
2. College of Biology and Environmental Engineering, Guiyang University, Guiyang, Guizhou 550005, China)

Abstract: [Objective] To establish a model for the rapid quantification of sorghum starch based on near-infrared spectroscopy and machine
learning algorithms. [ Methods] Brewing sorghum was used as the raw material. Near-infrared diffuse reflectance spectra were collected
using a near-infrared spectrometer. The Isolation Forest algorithm was employed to remove outlier samples and optimize the dataset.
Subsequently, multiple preprocessing methods and regression models were compared using various modeling software to analyze and
establish a quantitative model for sorghum starch. [ Results] After preprocessing with the Isolation Forest algorithm, the partial least squares
regression (PLSR) model exhibited the best performance, with a coefficient of determination for the calibration set (R?) of 0.993 and a root
mean square error of cross-validation (RMSECV) of 3.401. [ Conclusion] The model is simple, rapid, and accurate, and is suitable for the
quantitative analysis of starch content in sorghum.
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Figure 1 NIR raw spectra of starch samples
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Table 2 Effect of different preprocessing methods on

PLSR modeling
UGS & R; RMSEC  RMSEP RMSECV
CT 0.951  0.888  2.104 3.569 3.676
DI 0.894  0.831 3.097 4.398 4.882
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Table 3 Effect
superimposed on PLSR modeling

of multiple preprocessing methods
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Figure 2 NIR of sorghum samples after pretreatment
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Figure 3 Isolation Forest anomaly detection method
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Table 4 Isolated Forest algorithm for spectral thinning
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Table 5 Comparison of modeling performance before and

after applying isolated forest algorithm

) i Ak B i Ak B

A ; ; Z 2

R? R} R R}
PLSR 0.951 0.888 0.993 0.903
RF 0.945 0.649 0.916 0.728
RIDGE 0.733 0.540 0.768 0.656
LASSO 0.620 0.553 0.715 0.564
GBDT 0.999 0.857 0.999 0.329
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Table 6 Machine learning algorithm validation and
evaluation

s R: R;  RMSEC RMSEP RMSECV
PLSR 0.993  0.903 0.776 3.176 3.401
RF 0916  0.728 2.766 5.323 7.282
RIDEG 0.768  0.656 4.710 5.568 5.286
LASSO 0.715  0.564 4.689 3.820 6.529
GBDT 0.999  0.329 0.268 9.066 5.235
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Figure 4 Validated fitted plots based on four machine learning algorithm models
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Table 7 External validation data
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