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Identification of Valuable Wood Species Using Flow-Through Dielectric
Barrier Discharge Ionization Mass Spectrometry
Combined with Random Forest Model

SHANG Yu-han, MENG Xian-shuang, LYU Yue-guang, MA Qiang
(Chinese Academy of Inspection and Quarantine, Beijing 100176, China)

Abstract: To achieve rapid and accurate identification of valuable wood products, an analytical
method was developed by combining electric soldering iron cauterization with soft ionization by
chemical reaction in transfer-mass spectrometry (SICRIT-MS). SICRIT is a flow-through dielectric
barrier discharge ionization technique pioneered by Zenobi et al. in 2016. The electric soldering iron
cauterization-SICRIT-MS method requires no sample pretreatment, easy operation and a single
analysis in less than 5 s, meeting the demands of rapid analysis. Operating parameters for the
soldering iron and SICRIT ion source were optimized to achieve maximum total ion current intensity
under soldering iron temperature of 450 °C, ion source AC voltage amplitude of 2 000 V, and sample
transfer line temperature of 150 °C. With the optimized parameters, the SICRIT-MS method was
applied to analyze valuable wood samples, including 29 certified standard wood samples and 6

online-purchased real samples, resulting in a dataset of 210 sets of mass spectral fingerprint data.
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Based on the mass spectral fingerprint data acquired under positive ion mode, a predictive model was
trained using the random forest algorithm. The random forest model underwent optimization for the
number of decision trees, max feature algorithm, and feature selection criteria, was evaluated through
out-of-bag and 10-fold cross-validation. The results showed the error rates of out-of-bag and 10-fold
cross-validation are 4.76% and 4.74%, respectively. The established random forest model can
accurately distinguish wood samples from the genera Dalbergia, Guibourtia, and Pterocarpus with a
classification accuracy of larger than 95%. The importance of features in distinguishing the three
wood genera was investigated through binary classification modeling, revealing features 269.1, 270.1,
255.1, 159.0, 182.1, 102.1 and 83.1 as crucial in classification. These features may correspond to
characteristic compounds in different wood species or differences in the content of the same
compound across species. The predictive model was successfully applied to rapid identification of
genera in valuable wood products sold online. Three purchased Guibourtia samples are confirmed as
authentic, while the other three are not identified as the claimed genera. This method provides a
scientific basis and experimental reference for authenticity identification and quality evaluation.

Key words: flow-through dielectric barrier discharge ionization mass spectrometry; random forest

model; valuable wood species; identification
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Table 1 Standard and real samples of wood

JF5 No FES & PR Sample Fh2 Taxonomy JE4i Appearance FEa 25 Category
1 £l L A Fabaceae Dalbergia bariensis Hetk FRUERE
2 FEIN B Fabaceae Dalbergia cearensis Hetk FRUERE i
3 podiilwiicd Fabaceae Dalbergia cochinchinesis Ptk FRERE i
4 AL Fabaceae Dalbergia congestiflora Huk aR (=
5 JIAR R Fabaceae Dalbergia cultrata Hetk FRUERE
6 TP HE A Fabaceae Dalbergia granadillo Hetk FRUERE i
7 vl - 2R Fabaceae Dalbergia latifolia Ptk FRERE i
8 PR B Fabaceae Dalbergia louvelii Huk aR (=
9 ARAR B Fabaceae Dalbergia melanoxylon Hetk FRUERE
10 VAT B Fabaceae Dalbergia odorifera Hetk FRUERE i
11 R Fabaceae Dalbergia oliveri Pk FRAfERe
12 By Fabaceae Dalbergia retusa Huk Bkl
13 ENEEH Fabaceae Dalbergia sissoo Hetk FRUERE
14 EriEy vl Fabaceae Dalbergia stevensonii Hetk FRUERE i
15 LEVITUE DIV Fabaceae Guibourtia coleosperma Ptk FRERE i
16 X FIRA Fabaceae Guibourtia conjugata Huk aR (=
17 PR R IFA Fabaceae Guibourtia demeusei Hetk FRIfERE i
18 Z A ERIIR Fabaceae Guibourtia chie Hetk FRUERE i
19 FRIRHRIIA Fabaceae Guibourtia tessmannii Pk BRUERE
20 KSR A il Fabaceae Pterocarpus angolensis Huk aR (=
21 DS Fabaceae Pterocarpus erinaceus Hetk FRUERE
22 ENEESeHE Fabaceae Pterocarpus indicus Hetk FRUERE i
23 DIy Yic) Fabaceae Pterocarpus lucens Ptk FRERE i
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24 P i Fabaceae Pterocarpus macrocarpus Ptk FRIfERE i
25 AN Fabaceae Pterocarpus santalinus etk FRUERE i
26 EIIEYicd Fabaceae Pterocarpus soyauxii 72N R (=
27 POEE i Fabaceae Pterocarpus tinctorius Ptk FRUERE
28 LSCk i) Fabaceae Pterocarpus tinctorius var. chrysothrix Ptk FRIfERE i
29 HH Cannabaceae Pferocelltis tatarinowii etk FRUERE i
30 P AE P A — Mk AR SEBRFE
31 PR ) s 11 B4 — F S IR E N SEBRFE
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Fig. 1 Mass spectra (a) and total ion current chromatograms (b) of electric soldering iron cauterization-flow-

through dielectric barrier discharge ionization mass spectrometry analysis of a wood sample under positive and

negative ion modes
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Fig. 2 Optimization of electric soldering iron temperature (a), AC voltage amplitude (b) and transfer line

temperature (c) of electric soldering iron cauterization-flow-through dielectric barrier discharge ionization

mass spectrometry
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Fig. 3 Optimization of number of estimators (a), feature sampling ratio (b) and

feature selection criteria (c) of the random forest model
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Fig.4 Confusion matrices for the overall random forest model (a) and
each fold of the 10-fold cross-validation (b)
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Fig. 5 Feature importance analysis of the random forest model for the identification of wood samples from

Dalbergia spp. (a), Guibourtia spp. (b) and Pterocarpus spp. (c)
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Table 2 Species identification of real wood samples using random forest model

B gE R (B BE) 1dentification result (Confidence)

S RS

No. Name B HRIAJR X0 BRHE 75
Dalbergia Guibourtia Pterocarpus Outlier Final decision
1 HiH 0 0 0 6 BIRE(E
(0.24, 0.56, 0.27, 0.09, 0.16, 0.47)
2 IR A 0 3 0 3 Guibourtia
(0.83, 0.68, 0.78) (0.48, 0.58, 0.48)
3 M A 0 0 0 6 EREE
(0.01, 0.04, 0.02, 0.01, 0.13, 0.00)
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