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Abstract


The feasibility of near-infrared spectroscopy (NIRS) combined with chemometrics for the rapid detection of the cellulose and hemicellulose contents in corn stover is discussed. Competitive adaptive reweighted sampling (CARS) and genetic simulated annealing algorithm (GSA) were combined (CARS-GSA) to select the characteristic wavelengths of cellulose and hemicellulose and to reduce the dimensionality and multicollinearity of the NIRS data. The whole spectra contained 1845 wavelength variables. After CARS-GSA optimization, the number of characteristic wavelengths of cellulose (hemicellulose) was reduced to 152 (260), accounting for 8.24% (14.09%) of all wavelengths. The coefficients of determination of the regression models for predicting the cellulose and hemicellulose contents were 0.968 and 0.996, the root mean square errors of prediction (RMSEPs) were 0.683 and 0.648, and the residual predictive deviations (RPDs) were 5.213 and 16.499, respectively. The RMSEP of the cellulose and hemicellulose regression models was 0.152 and 0.190 lower for CARS-GSA than for the full-spectrum, and the RPD was increased by 0.949 and 3.47, respectively. The results showed that the CARS-GSA model substantially reduced the number of characteristic wavelengths and significantly improved the predictive ability of the regression model.
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Table 1.




Abbreviation

	CS	Corn stover
	NIRS	Near-infrared spectroscopy
	GA	Genetic algorithm
	CWS	Characteristic wavelengths
	SA	Simulated annealing algorithm
	GSA	Genetic simulated annealing algorithm
	CARS	Competitive adaptive reweighted sampling
	SG	Savitzky–Golay
	MSC	Multivariate scattering calibration
	SNV	Standard normal variate
	PLS	Partial least squares
	CSET	Calibration set
	MCS	Monte-Carlo sampling
	EDF	Exponentially decreasing function
	ARS	Adaptive reweighted sampling
	PCA	Principal component analysis
	RMSECV	Root mean square error of cross-validation
	VSET	Validation set
	MCCV	Monte Carlo cross-validation
	RMSEC	Root mean square error of calibration
	RMSEP	Root mean square error of prediction
	RPD	Residual predictive deviation
	RS	Random selection
	RMSET	Root mean square error of test set
	RPDT	Residual predictive deviation of test set
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Table 2.




Content Statistics of Cellulose and Hemicellulose in Calibration Set and Validation Set

	Sample	Component	Number	Mean (%)	Max (%)	Min (%)	Standard Deviation (%)
	Calibration set	Cellulose	120	44.49	51.53	37.31	3.37
	Hemicellulose	120	24.38	38.59	9.48	9.74
	Validation set	Cellulose	30	44.14	48.95	37.29	3.56
	Hemicellulose	30	21.55	35.79	9.51	10.69
	Independent test set	Cellulose	23	45.05	50.17	36.03	3.91
	Hemicellulose	23	27.18	38.45	10.25	9.91
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Table 3.




Evaluation Index Results of PLRSM for Cellulose and Hemicellulose

	Component	Model	Number of Variables	



R
c
2



	



R
p
2



	RMSEC (%)	RMSEP (%)	RPD	



R



I
P




2






	RMSET (%)	RPDT
	Cellulose	Full-PLS	1845	0.931	0.945	0.860	0.835	4.264	0.899	1.189	3.287
	CARS	63	0.964	0.962	0.631	0.754	4.725	0.912	1.086	3.599
	CARS300	360	0.967	0.967	0.604	0.690	5.163	0.913	1.126	3.470
	
CARS300-GSA
	
152
	
0.967
	
0.968
	
0.602
	
0.683
	
5.213
	
0.924
	
1.054
	
3.706

	Hemicellulose	Full-PLS	1845	0.993	0.994	0.795	0.838	12.759	0.987	1.140	8.694
	CARS	72	0.997	0.994	0.506	0.828	12.904	0.987	1.119	8.853
	CARS300	500	0.997	0.996	0.546	0.650	16.441	0.988	1.086	9.128
	
CARS300-GSA
	
260
	
0.998
	
0.996
	
0.487
	
0.648
	
16.499
	
0.989
	
1.043
	
9.506
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