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Table 2 The model performance on discriminating different cordyceps parts

Pre-treatment methods Methods 10fold-CV/ % Independent test set/ % Variable number
SNV-+MSC PLS-DA 90. 1 92.0 3601
SNV-+MSC LDA 86. 7 85. 8 3601
SNV+MSC CARS-PLS-DA 90.0 90. 1 669
SNV+MSC CARS-LDA 76.3 80.9 669
SNV -+ MSC VCPA-PLS-DA 89. 6 91.4 420
SNV-+MSC VCPA-LDA 83.0 82.1 420

EL{ 0 0 0 7

HS

MS HD

(b)

ML

HS MS HD

(©

2 ARFEM R R R B S
(a): CARS-PLS-DA; (b): CARS-LDA; (¢): VCPA-PLS-DA; (d): VCPA-LDA

Fig. 2 The confusion matrix of independent data set by different methods
(a): CARS-PLS-DA; (b): CARS-LDA; (c¢): VCPA-PLS-DA; (d): VCPA-LDA
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Table 3 Holistic assignment of infrared spectroscopy spectra of Cordyceps
Base group and CARS VCPA Base group and CARS VCPA
vibration mode Jem ™! Jem ™! vibration mode /em ™! Jem ™!
3 389 vas (C—H) in CH3, CH; 2921 2 927
3 388 v (C—H) in CH;, CH, 2 853 2 856
3 347 3 387 2 855
3 345 3372 y(C=0) in ester 1741
3343 3 360 v(C=0) in Carboxy acid 1706 1703
3 338 3 358 v(CO) in Amide | 1658 1658
3329 3 345 1657
WO—H. N—H) 3328 3313 S(N—H) in Amide [l 1541 1545
in OH, NH 3 325 3 306 0(C—H) in CHj3 1459 1449
3 321 3 304 0s(C—H) in CH; 1381 1373
3 316 3302 v(C—OH) in Mannitol 1084 1089
3 311 3 296 1024 1028
3296 3 285 0(C—0—C) in Saccharides, ring 879 874
3 284 3 280 breathing
3282 vy(C—C) in —(CHz)y— 716 702
3 280 0(C—0O—H) in Mannitol, wagging 630 625
Note: y: stretching or frame vibration; as: asymmetrical; s;: symmetrical; §: bending vibration
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Wilcoxon rank-sum # I8 #% & B(1 084, 1 024, 630, 879 cm™ ')
Fig. 4 The box-plot A (1 084, 1 024, 630, 879 ecm™') and heat-map for Wilcoxon rank-sum
test of wavenumbers selectedby CARS B(1 084, 1 024, 630, 879 cm™')
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Fig. 5 The box-plot A(1 089, 1 028, 874, 625 cm™') and heat-map for Wilcoxon rank-sum
test of wavenumbers selected by VCPA B(1 089, 1 028, 874, 625 ecm™ ')
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Recognition of Different Parts of Wild Cordyceps Sinensis Based on
Infrared Spectrum
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Abstract  Cordyceps Sinensis, a famous Chinese medicinal material, is favored due to its good medicinal value. Recently,
investigations have focused on the study of its active ingredient content and pharmacological effects. However, scarce studies
were reported on the identification of different parts of wild Cordyceps. This study is based on infrared spectroscopy data,
combined with the analytical preponderance of chemometrics in multi-dimensional complex systems to classify and identify
different parts of Cordyceps Sinensis. First, preprocessing methods, standard normal variation (SNV) and multiplicative scatter
correction (MSC) were used on a total of 808 spectral data of five different parts of wild Cordyceps, including head of stroma
(HS), middle of stroma(MS), head (HD), the middle larva body (ML) and the end larva body (EL). Then, competitive
adaptive reweighted sampling (CARS) and variable combination population analysis (VCPA) were hired to select characteristic
variables with representative significance. Ultimately. partial least squares discriminant analysis ( PLS-DA) and linear
discriminant analysis (LDA) were engaged for modeling and predictive analysis. Ten-fold cross-validation was used on the
training set, and accuracy (Acc) was employedas the evaluation index. The results showed that the prediction accuracies of the
PLS-DA model on the 10-fold cross-validation and independent test set on this data were 90. 1% and 92. 0% , respectively, while
using the LDA model, the prediction accuracies reduced to 86. 7% and 85. 8% , respectively. In addition, the dimensions of the
features can be effectively reduced from 3 601 to 669 and 420, respectively, when using CARS and VCPA feature selection
methods, but keeping the prediction accuracies equivalent to that of all features. The selected wavenumbers 630, 625, 1 024,

' were related polysaccharides in

1028, 1084, and 1 089 cm™ ! were related to mannitol in cordyceps, and 879 and 874 cm™
cordyceps. The Wilcoxon rank-sum test on the selected wavenumbers further showed significant differences between the five
parts of Cordyceps. This study showed that chemometric methods combined with infrared spectroscopy could effectively identify
different parts of Cordyceps Sinensis, thereby deepening the understanding of the formation of Cordyceps at the molecular level

and providing a reference for the efficient use of different parts of Cordyceps.
Keywords Cordyceps sinensis; Infrared spectroscopy; Chemometrics; Classification; Feature selection
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