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A Rapid, Hyperspectral-based Method for Determining Sporoderm-broken Rate of Ganoderma Lucidum
Spore Powder

PAN Zaichen', ZHONG Yi?, FANG Ling’, QI Zhechen', XU Jing’, LIANG Zongsuo'’, LI Zhenhao®"(1.Zhejiang
Provincial Key Laboratory of Plant Secondary Metabolism Regulation, College of Life Sciences and Medicine, Zhejiang Sci-Tech
University, Hangzhou 310018, China; 2.Zhejiang Shouxiangu Institute of Plant Medicine, Hangzhou 310012, China; 3.Zhejiang
Engineering Research Center of Rare Medicinal Plants, Wuyi 321200, China)

ABSTRACT: OBJECTIVE To establish a rapid nondestructive detection method for the sporoderm-broken rate of Ganoderma
lucidum spore powder by hyperspectral technology combined with chemometrics. METHODS Hyperspectral images of
Ganoderma lucidum spore powder samples with different sporoderm-broken rates were collected, and spectral data in the visible-
shortwave near-infrared band(397—1 004 nm) range of each sample were calculated after selecting the region of interest. Compared
6 spectral preprocessing methods[standard normal variable transformation, multivariate scattering correction, Savitsky-Golay(SG)
smoothing, wavelet transform, SG smoothing+standard normal variable transformation, and SG smoothing+multivariate scattering
correction], 5 characteristic band extraction methods(competitive adaptive reweighting, successive projections algorithm,
uninformative variables elimination, least angle regression, and genetic algorithm), and 5 algorithms(partial least squares regression,
support vector regression, extreme learning machine, multilayer perceptron, and LightGBM) for constructing quantitative correction
models to predicts performance. RESULTS  The optimal combination was SG smoothing+competitive adaptive reweighted
feature band selection+partial least squares. The quantitative correction model established based on the algorithm combination
achieved a prediction set coefficient of 0.868 2, and a root mean square error of 0.011 7 for Ganoderma lucidum spore powder
samples with a sporoderm-broken rate range of 90%—100%. The selected optimal algorithm combination was applied to construct a
quantitative correction model with a sporoderm-broken rate range of 0—100%, the coefficient of determination for the test set was
0.973 1 and the root mean square error was 0.049 3, showing good generalization ability. CONCLUSION  The established
quantitative detection model can realize the rapid and non-destructive detection of the sporoderm-broken rate of Ganoderma
lucidum spore powder, which provides technical support for the quality control of Ganoderma lucidum spore powder and its
products.

KEYWORDS: hyperspectral imaging; Ganoderma lucidum spore powder; sporoderm-broken rate; chemometrics; quantitative
calibration model
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Fig.1 Schematic diagram of hyperspectral imaging system
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Tab.1 Model modeling results based on PLS, SVM, ELM, MLP and LightGBM

.- PLSR SVR ELM MLP LightGBM
R RMSEP R RMSEP R RMSEP R RMSEP R RMSEP
IR 05226  0.0222 0.6423 00192 05181  0.0223 0.5689  0.021 1 03336  0.0262
JEIREHE-SNV 06198 00195 0.6265  0.0192 05997  0.0200 05935  0.0201 0.6368  0.0190
LR RE-MSC 0.6211 0.0194 0.624 1 0.019 3 0.5846  0.0203 0.5827  0.0204 0.6530  0.0186
S-S G 05926  0.0205 07097  0.0173 0.6331  0.0195 0.5396  0.0218 0.3320  0.0262
JR AR HE-WT 05369  0.0219 0.6279  0.0196 0.5569  0.0214 0.5559  0.0214 03185  0.0265

JEIHEHE-(SGHMSC)  0.562 9 0.0199 0.753 4 0.0153 0.6114 0.019 1 0.643 5 0.0183 07155 0.016 3
R HE-(SG+SNV) 0.565 8 0.0199 0.653 6 0.017 8 0.697 3 0.016 9 0.603 6 0.0193 0.7147 0.016 3

JRHREHE-CARS 07216  0.0168 0.7527  0.0160 05053  0.0224 05100  0.0224 03728  0.0252
JREAREE-LAR 06397  0.0187 06017  0.0196 05700  0.0203 04694  0.0228 02586  0.0268
JE IR EIE-UVE 07394  0.0164 0.768 8 0.0154 0.6109  0.0201 0.5755 0.021 0 04174  0.0245
Jhatig-SPA 05532 0.0208 04633  0.0223 05160  0.0218 04279  0.0237 02013  0.0279
JAREE-GA 0.537 1 0.021 7 0.6894  0.0177 05713 0.0210 04921  0.0226 03727  0.0253
SNV-CARS 0.8632  0.0114 0.7727  0.0141 05490  0.0192 05094  0.0215 0.6209  0.0183
SNV-LAR 05906  0.0205 0.6077  0.0202 05588  0.0214 05109  0.0226 0.629 1 0.0196
SNV-UVE 0.7545  0.0148 0.7270  0.0154 06590 00178 06131 00184 06313  0.0179
SNV-SPA 06539  0.0186 06286  0.0186 0.7994  0.0134 02688  0.028 1 06162 00198
SNV-GA 05867  0.0196 05308  0.0209 05688  0.0194 05064  0.0226 0.6509  0.0173
MSC-CARS 0.7964  0.0138 0.6064  0.0176 05630  0.0190 05620  0.0207 05769  0.0186
MSC-LAR 06107  0.0206 05805  0.0213 05431  0.0223 05652  0.0217 06634 00191
MSC-UVE 0.8024  0.0136 07645 00145 05929 00188 06019  0.0193 05561  0.0197
MSC-SPA 0.7341  0.0172 0.4967  0.024 1 0.6319  0.0186 04052  0.0248 0.5841  0.0193
MSC-GA 0.679 1 0.018 4 06558  0.0185 05226  0.0211 0.5874  0.0200 0.6473  0.0183
SG-CARS 0.8682  0.0117 06992 00175 07071  0.0172 05359  0.0219 03324  0.0261
SG-LAR 0.7077  0.0175 06232 0.0200 06572  0.0191 05704  0.0214 04920  0.0232
SG-UVE 0.6870  0.0178 0.7968  0.0143 0.6793  0.0179 05726  0.0208 04478  0.023 4
SG-SPA 05497  0.0237 0.4629  0.0226 0.6456  0.0202 05594  0.0211 02496  0.0278
SG-GA 05138  0.0223 0.7380  0.016 4 06233 00194 05607  0.0210 04107  0.0245
WT-CARS 0.7444  0.0164 07337 00163 05578  0.0214 05656  0.0207 04362  0.0241
WT-LAR 0.6154  0.0192 05594  0.0205 0.4899  0.0220 05152 0.0216 04265  0.0233
WT-UVE 07059  0.0174 07552  0.0159 0.6016  0.0201 05618  0.0213 04906  0.0229
WT-SPA 04410  0.0215 04236 00223 06084  0.0194 03947  0.0248 03039  0.0254
WT-GA 05821  0.0206 0.7234  0.0169 05134  0.0224 05778  0.0208 04069  0.0245
(SG+MSC)-CARS 0.8264  0.0130 0.6699  0.0185 07093  0.0161 0.6760  0.017 4 0.6455  0.0180
(SG+MSC)-LAR 05953  0.0192 05798  0.0195 05162  0.0210 05598  0.0200 05796  0.0196
(SG+MSC)-UVE 0.7954  0.0138 07629 001438 0.7346  0.0156 04608  0.0211 07371  0.0155
(SG+MSC)-SPA 06977  0.0179 05751  0.0211 0.6870  0.0180 03985  0.0242 06778  0.0176
(SG+MSC)-GA 0.6086  0.0188 0.6659  0.0174 0.6253  0.0189 0.6477  0.0180 0.6881  0.0168
(SG+SNV)-CARS 0.770 1 0.0148 0.7849  0.0149 0.6766  0.0180 05632 0.0212 0.6664  0.0179
(SG+SNV)-LAR 06255  0.0190 05265  0.0212 05240  0.0212 04907  0.0221 0.6335  0.0188
(SG+SNV)-UVE 0.8379 00121 0.8306 00125 06985  0.0167 0.6446  0.0180 0.7145  0.0160
(SG+SNV)-SPA 06027  0.0179 07592  0.0162 0.7430  0.0168 04020  0.0243 0.6782  0.0187
(SG+SNV)-GA 0.6506  0.0188 07039  0.0168 0.6648  0.0176 0.6073  0.0191 0.7085  0.0163
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KIF4E SR WS
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T e S5 2 Tl B 32 25 AT 3 B 56 7= B A A
B8 br . AWFSER SG il kb FEZE & CARS F
I 975 39 77 ¥ 57 i PLSR R 1 X il BE Rl 90%~
100% FEAA KA TIHERR R, ST R 2/ T
F i BE A AR . BbAh, R IHE SG-CARS-
PLSR L2 A i H F i EER 0~100% A, [F]
FEA R A A T A R . ARG A e R 2 T
W BE R R L YRR A DU AR T R AT I
AL B2 R N T R 2T R R
T FR A TEL A

REFERENCES

[1] 2. —F[S]. 2015.

[2] ZHAOIJX,LIZY, ZHANG G L, et al. Knowledge mapping
analysis of Ganoderma lucidum spore powder-related studies
based on CiteSpace software[J]. Chin J Mod Appl Pharm(* [
PARRE FHZ42), 2021, 38(12): 1416-1425.

[31 WANG H B, HONG Z P, LI Z Y, et al. Study on the
antithrombotic and cardiac function improvement effects of
Ganoderma powder with different
manufacturing techniques[J]. Chin J Mod Appl Pharm(* [& £
FRREFHZE), 2021, 38(19): 2367-2373.

[4] GAO Z C, ZHOU M, ZHANG R G, et al. Determination of
wall breaking rate of Ganoderma lucidum spore powder[J].
Food Ind(& 5 Tlk), 2022, 43(9): 146-149.

[S] YANG W H, HAO J W, HUANG H P, et al. Rapid

determination of polysaccharide in Pteridium aquilinum by

lucidum  spore

near infrared diffuse reflectance spectroscopy[J]. Chin J Mod
Appl Pharm(H1E AR HI24%), 2023, 40(5): 597-602.

[6] TAOY, CHEN L, JIANG E C, et al. Application and prospects
of hyperspectral imaging and deep learning in traditional
Chinese medicine in context of Al and industry 4.0[J]. China J
Chin Mater Med(H' [ H1 2524 ), 2020, 45(22): 5438-5442.

[7] LI M, ZHANG X B, LIU S B, et al. Partly interpretable
machine learning method of ginseng geographical origins
recognition and analysis by hyperspectral measurements[J].
Spectrosc Spectr Anal(O% 1% 2% 5 56 3% 7 #7), 2022, 42(4):
1217-1221.

Tab.3 Optimal model predicts the performance of samples with a sporoderm-broken rate range of 0—100%

KIF4E ianS WS
xii)

R? RMSEC R%, RMSECV R RMSEP
S bRt iE-PLSR 0.977 4 0.0452 0.966 2 0.056 7 0.970 6 0.055 3
SG-PLSR 0.979 8 0.042 8 0.969 7 0.053 5 0.9720 0.053 6
CARS-PLSR 0.990 1 0.0312 0.980 1 0.044 4 0.978 0 0.045 8
SG-CARS-PLSR 0.987 7 0.0349 0.984 0 0.039 7 0.973 1 0.049 3

R E R 2424 2024 4F 3 H 4 41 £56 6 1 Chin J Mod Appl Pharm, 2024 March, Vol.41, No.6 <765 -



(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

- 766 -

SUN M, WANG R, CHEN X H, et al. Application of
hyperspectral imaging technique for Cordyceps powder content
and true/false identification[J]. Chin J Mod Appl Pharm( [¥
PRI I Z42%), 2017, 34(8): 1114-1117.

WOLD S, TRYGG J, BERGLUND A, et al. Some recent
developments in PLS modeling[J]. Chemom Intell Lab Syst,
2001, 58(2): 131-150.

CHEN K, ZHU Y. A summary of machine learning and related
algorithms[J]. Stat Inf Forum(% 1515 B 1%), 2007, 22(5):
105-112.

ZHANG L, ZHANG L M, LI Y, et al. Application and
improvement of partial-least-squares in Fourier transform
infrared spectroscopy[J]. Spectrosc Spectr Anal(Jt:ik27# 5 i
43HT), 2005, 25(10): 1610-1613.

LI J X, NI L, WANG Y F, et al. Identification models of
Raman spectrum for ostreae concha and haliotidis concha
based on multiple algorithms[J]. Chin J Mod Appl Pharm("}
PRI HIZ5257), 2023, 40(4): 477-482.

LIU N, XING Z Z, QIAO L, et al. Discussion on spectral
variables selection of potato chlorophyll
population analysis[J]. Spectrosc Spectr Anal(Jt:ii2% 561 7
1), 2020, 40(7): 2259-2266.

ZHOU C, WANG H, YANG J, et al. Origin identification of

Gardeniae

using model

Fructus based on hyperspectral imaging
technology[J]. China J Chin Mater Med(H* [E #2424 &), 2022,
47(22): 6027-6033.

NIZHEN, HU C Q, FENG F. Progress and effect of spectral
data pretreatment in NIR analytical technique[J]. Chin J Pharm
Anal(Zi¥) 53 M Z=), 2008, 28(5): 824-829.

JIANG Q H, LIUF, YU D Y, et al. Rapid measurement of the
pharmacological active constituents in herba epimedii using
hyperspectral analysis technology[J]. Spectrosc Spectr Anal(J';
T2 SRS, 2022, 42(5): 1445-1450.

YUAN L, SHI B, YU J C, et al. Application of different
CARS
discrimination of black tea grade[J]. Spectrosc Spectr Anal(J'%:
T2 556 20T), 2020, 40(10): 3254-3259.

ZHANG J K, RIVARD B, ROGGE D M. The successive
projection algorithm (SPA), an algorithm with a spatial

smoothing  ensemble algorithm in  spectral

constraint for the automatic search of endmembers in
hyperspectral data[J]. Sensors, 2008, 8(2): 1321-1342.
YE S F, WANG D, MIN S G. Successive projections algorithm

Chin J Mod Appl Pharm, 2024 March, Vol.41, No.6

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

combined with uninformative variable elimination for spectral
variable selection[J]. Chemom Intell Lab Syst, 2008, 91(2):
194-199.
WANG S, HUANG M, ZHU Q B. Model fusion for prediction
of apple firmness using hyperspectral scattering image[J].
Comput Electron Agric, 2012(80): 1-7.
PANDEY H M, CHAUDHARY A, MEHROTRA D. A
comparative review of approaches to prevent premature
convergence in GA[J]. Appl Soft Comput, 2014, 24: 1047-
1077.
MA H, FENG X J, CHEN M, et al. Rapid determination of the
moisture content of the original medicinal materials of langin
oral solution by near-infrared spectroscopy coupled with
chemometric algorithms[J]. Chin J Mod Appl Pharm(* [E#1¢
N2, 2021, 38(23): 2932-2939.
JIANG C, SHOU D, YU Z M, et al. Rapid prediction of
extractum and six active components in traditional she
medicine-Melastoma  dodecandrum lour. by ultraviolet
spectroscopy and partial least squares regression algorithm([J].
Chin J Mod Appl Pharm(H* [ BLAL R F 252%), 2020, 37(13):
1574-1579.
ZHANG C, WANG Q N, LIU F, et al. Rapid and non-
destructive measurement of spinach pigments content during
storage using hyperspectral imaging with chemometrics[J].
Measurement, 2017(97): 149-155.
LI B, HAN Z Y, WANG Q, et al. Research on bruise level
detection of loquat based on hyperspectral imaging
technology[J]. Spectrosc Spectr Anal(O'%t i 2% 5 Y& 3t 43 #7),
2023, 43(6): 1792-1799.
ZHANG C, GUO Y, LI M. Review of development and
application of artificial neural network models[J]. Comput Eng
Appl(HAAL T A5 R ), 2021, 57(11): 57-69.
KE G L, MENG Q, FINLEY T, et al. LightGBM: A Highly
Efficient Gradient Boosting Decision Tree[C]//Proceedings of
the 31st International Conference on Neural Information
Processing Systems, Curran Associates Inc. , 2017: 3149-3157.
JIANG E C, CHEN L, YAN J Z, et al. Integrated smart
hyperspectral imaging and CARS-based characteristic band
selection for rapid determination of SO, content in sulphur-
fumigated Achyranthis Bidentatae Radix[J]. China J Chin
Mater Med(H [H Hh 257%7), 2022, 47(7): 1864-1870.

Wk H#1: 2023-07-03

(A3CTi: TEAH)

IR 22 2024 4F 3 H 45 41 355 6 1


https://doi.org/10.1016/S0169-7439(01)00156-3
https://doi.org/10.3390/s8021321
https://doi.org/10.1016/j.chemolab.2007.11.005
https://doi.org/10.1016/j.asoc.2014.08.025
https://doi.org/10.3778/j.issn.1002-8331.2102-0256

	1 仪器与试药
	1.1 仪器
	1.2 试验样品

	2 方法
	2.1 样品的制备
	2.2 高光谱图像的采集与校正
	2.3 感兴趣区域提取
	2.4 样品集划分
	2.5 原始光谱的预处理
	2.6 特征波段筛选
	2.7 模型的建立及评价指标
	2.8 数据处理

	3 结果与讨论
	3.1 90%~100%破壁率最佳定量模型的构建
	3.2 90%~100%破壁率区间的最优定量模型分析
	3.3 模型泛化能力

	4 结论
	参考文献

