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Abstract

:

Panax notoginseng is an important functional health product, and has been used worldwide because of a wide range of pharmacological activities, of which the taproot is the main edible or medicinal part. However, the technologies for origin discrimination still need to be further studied. In this study, an ICP-MS/MS method for the accurate determination of 49 elements was established, whereby the instrumental detection limits (LODs) were between 0.0003 and 7.716 mg/kg, whereas the quantification limits (LOQs) were between 0.0011 and 25.7202 mg/kg, recovery of the method was in the range of 85.82% to 104.98%, and the relative standard deviations (RSDs) were lower than 10%. Based on the content of multi-element in P. notoginseng (total of 89 mixed samples), the discriminant models of origins and cultivation models were accurately determined by the neural networks (prediction accuracy was 0.9259 and area under ROC curve was 0.9750) and the support vector machine algorithm (both 1.0000), respectively. The discriminant models established in this study could be used to support transparency and traceability of supply chains of P. notoginseng and thus avoid the fraud of geographic identification.
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1. Introduction


Sanqi (Panax notoginseng (Burk.) F. H. Chen) is a perennial herb belonging to the genus Panax and is considered an evolutionary remnant that originated in areas ranging from East Asia to North America in the tertiary tropical mountainous area 25 million years ago. Today, its modern distribution center is located in Yunnan, China [1], and it has been widely used in medicine, health care, cosmetics, and other industries. P. notoginseng has a wide range of pharmacological activities, including cardiovascular protection [2], anti-atherosclerotic activity [3], and anti-tumor activity [4], with the cardiovascular impact being the most prominent. Therefore, it is a key component of many Chinese medicines which has been used worldwide and is of significant economic value [5]. At present, the main cultivation model of P. notoginseng is monoculture in field or greenhouses, imitating conventional crops [6]. The cultivation model in forest, with a high level of biodiversity, can supply a suitable growing environment that can use allelopathy to stimulate the plant’s growth and prevent pests and diseases [7,8]. Forest cultivation is a developing planting model that is used to improve the quality and safety of medicinal herbs [7,9,10]. Therefore, it is highly necessary to establish discrimination methods for P. notoginseng from different cultivation models.



Due to the presence of fraudulent practices of commodity identification, there is an urgent need to strengthen the testing and certification of foods, as well to use discriminatory science and technology for their regulation and verification, such as chemical analysis [11,12] and molecular detection [13,14]. A geographical indication (GI) has been introduced by farmers, manufacturers, or governments to protect agricultural products or foods, and the quality of food in a particular region is considered the best and most distinctive by consumers, especially in the field of herbal medicines [12,15,16]. At present, the origin traceability methods in food mainly include stable isotopes [17,18], multi-element composition [19,20], the characteristic content of organic components [21,22], near-infrared spectra [23,24], and high-throughput sequencing [25]. Among these, methods for origin tracing through taking advantage of multi-element are increasingly used because of their stability and accuracy. Multi-element composition can be determined in commodities, such as wine [26,27], tea [28,29], coffee [30], olive oil [31], and octopus [32], and is also used in the origin discrimination of P. notoginseng [33]. The methods used to determine content of elements in P. notoginseng include atomic absorption spectroscopy (AAS) [34], atomic fluorescence spectrometry (AFS) [35], inductively coupled plasma optical emission spectrometer (ICP-OES) [36], and inductively coupled plasma mass spectrometry (ICP-MS) [30]. However, these methods suffer from some common problems that hamper the rapid determination of multi-element composition in P. notoginseng, and affect their accuracy and traceability. In terms of multi-element determination, ICP-MS/MS reduces elemental interference [37] and has higher accuracy and greater diversity of elements compared to other methods [38,39].



In order to obtain higher accuracy and greater diversity of the content of multi-element in P. notoginseng, this study established the ICP-MS/MS method for 49 elements. Then, the accumulation dynamics of elements in P. notoginseng after transplanting were analyzed for guiding the addition of elements during the growth of P. notoginseng. Further, based on the content of multi-element in P. notoginseng samples (including five growing origins and two cultivation models), various modeling algorithms, such as partial least squares discriminant analysis (PLS-DA), logistic regression (LR), linear discriminant analysis (LDA), random forest (RF), the Naive Bayes algorithm (NB), k-nearest neighbors (kNNs), support vector machines (SVMs), and neural networks (NNs), were used to train and predict the discriminant model of origins and cultivation models for screening out the model that could determine origin and cultivation type accurately. This study could provide support for the transparency and traceability of supply chains of P. notoginseng and thus effectively avoid the occurrence of the fraud of geographical indications.




2. Results


2.1. Analytical Performance of the ICP-MS/MS for P. notoginseng


The procedure for the determination of multi-element in P. notoginseng samples by ICP-MS/MS was evaluated for its linearity, detection, and quantification limits (respectively, LODs and LOQs), as well as its accuracy and precision (Table S1, Supplementary Materials). The calibration curves for all the elements revealed a good linearity over the entire range of concentrations, with coefficients of determinations (R2) higher than 0.99, between 0.9919 and 0.9997. The instrumental LODs of ICP-MS/MS were between 0.0003 mg/kg (for 200Hg) and 7.716 mg/kg (for 44Ca); moreover, the LOQs were between 0.0011 mg/kg and 25.7202 mg/kg. The method proposed in this work showed good sensitivity for multi-element determination in P. notoginseng samples. The average recoveries of multi-element in P. notoginseng were in the range between 85.82% and 104.98% (Table S2); the relative standard deviation (RSDs) was in the range of 1.56%–9.70%, lower than 10%. Considering these results, it was concluded that this method had high accuracy and met the requirements of analyzing and measuring the content of multi-element in P. notoginseng.




2.2. The Accumulation Dynamics of Elements during the Growth of P. notoginseng


The multi-element (total of twenty-six) determination of P. notoginseng (different time points in the same planting base) and soil (first sampling) was accomplished by the established ICP-MS/MS method. The heatmap of the multi-element content changes at different times (Figure 1b,c) showed that the contents of Ca, K, and Mg in P. notoginseng were significantly higher than those in soil, while the contents of other elements were lower than those in soil. With the growth extension, there was a trend of accumulation in the contents of Ca, K, and Mg in P. notoginseng, indicating a relatively large demand for these three elements during the growth process, which was consistent with the previous report [36].




2.3. Modeling Analysis of P. notoginseng from Different Origins


The multi-element determination of P. notoginseng samples, collected from different growing origins, was carried out by the established ICP-MS/MS method. By performing a Duncan’ test analysis on the multi-element determination results (Table S3), the content of 23Na, 55Mn, 60Ni, 75As, 88Sr, 97Mo, 98Mo, 118Sn, 200Hg, 202Hg, 205Tl, and 232Th had no significant difference between different origins (p > 0.05); the remaining 35 elements had significant differences between different origins. Based on the results of the analysis of similarities (ANOSIM, using Bray–Curtis similarity distance matrix) of the multi-element content from five origins (Figure 2a), R was 0.16 (p = 0.001), which showed that the differences in the content of multi-element from different origins were significantly greater than the differences between samples within the origin; thus, the grouping between different origins was reasonable. At the same time, the results of the non-metric multidimensional scaling (NMDS, using the Bray–Curtis similarity distance matrix) of the multi-element content from five origins (Figure 2b) (PERMANOVA analysis, F-value: 6.9418, R-squared: 0.25, p-value: < 0.001, stress: 0.1682) showed that there were significant differences in the content of multi-element in P. notoginseng from different origins, and the results of multi-element could be used to discriminate P. notoginseng from different origins.



There were seven machine learning algorithms, such as PLS-DA, LDA, RF, NB, kNNs, SVMs, and NNs, which were used to construct and evaluate the discriminative models of different origins based on the content of multi-element in P. notoginseng. The data were preprocessed, and the training and prediction sets were grouped (2:1). Then, the model was trained, blindly evaluated, and evaluated with the area under the ROC curve (AUC) (Table 1). The accuracy of NNs was 0.9259, the AUC value was 0.9750, and the p-value [Acc > NIR] was 2.32 × 10−8 < 0.0001, which were all significantly better than other algorithms. The sensitivity and specificity of five origins were also higher than other algorithms, indicating that the prediction model of origin discrimination by the NNs algorithm in this study could be applied to the discrimination of different origins of P. notoginseng.




2.4. Modeling Analysis of P. notoginseng from Different Cultivation Models


The multi-element determination of P. notoginseng, collected from different cultivation models (field and forest), was accomplished by the established ICP-MS/MS method. After performing a T’ test analysis on the determination results of multi-element (Table S4), the contents of 23Na, 60Ni, 63Cu, 65Cu, 88Sr, 97Mo, 98Mo, 118Sn, 153Eu, 200Hg, 202Hg, 205Tl, and 232Th had no significant difference between the different models (ns). The contents of 24Mg, 43Ca, 44Ca, 66Zn, 107Ag, and 137Ba in P. notoginseng in the forest model were significantly higher than those in the field model. However, the remaining 30 elements had the opposite results. The results of the ANOSIM analysis (using the Bray–Curtis similarity distance matrix) of the content of multi-element in P. notoginseng from different cultivation models (Figure 3a), where R was 0.36 (p = 0.001), showed that the differences in the content of multi-elements from different cultivation models were significantly greater than the differences between samples within the model; thus, the grouping between different models was reasonable. NMDS analysis (using the Bray–Curtis similarity distance matrix) was carried out (Figure 3b) (PERMANOVA analysis, F-value: 24.411, R-squared: 0.22, p-value: < 0.001, stress: 0.1660), which showed that there were significant differences in the multi-element content of P. notoginseng from different models, and multi-element results could be used to discriminate P. notoginseng from different cultivation models.



There were eight machine learning algorithms, such as PLS-DA, LR, LDA, RF, NNs, kNNs, NB, and SVMs, which were used to construct and evaluate the discriminative models of different cultivation models based on the content of multi-element in P. notoginseng. The data were preprocessed, and the training and the prediction sets were grouped (7:3). Then, the model was trained, blindly evaluated, and evaluated with AUC (Table 2). The p-values [Acc > NIR] of PLS-DA, RF, and SVMs algorithms were <0.05, which showed that the prediction accuracies of these three models were significant. The accuracy and AUC of SVMs were both 1.0000 (best performance), indicating that the prediction model of cultivation model discrimination by the SVMs algorithm in this study could be applied to the discrimination of P. notoginseng in field or forest.





3. Discussion


In general, the content of multi-element in foods, especially agricultural products, may vary depending on factors, such as fertilizers, climatic conditions in the year of cultivation, differences in soil types, field history, and species in a single field [40], and is less affected by the processing process and storage time [41]. Therefore, multi-element can serve as a good geographical tracer as their distribution in the final product reflects the elemental signature in the soil of origin [36,42]. In this experiment, the ICP-MS/MS method was established to determine the content of 49 elements in P. notoginseng from different origins and cultivation models. Compared with the previous research methods [33,34,35,36], the ICP-MS/MS method in this work had good accuracy and sensitivity for multi-element determination in P. notoginseng. Moreover, the accumulation dynamics of multi-element of P. notoginseng after transplanting was analyzed, which showed that it had a relatively large demand for Ca, K, and Mg during the growth process, which may be due to the fact that Ca can ensure cell life activity, K can promote photosynthesis and increase plant resistance, and Mg is involved in plant photosynthesis and is an activator or component of many enzymes [43].



P. notoginseng has been used worldwide, is of significant economic value, is a significantly geographical indication product [33], and may have higher quality and safety when planted in forest [7,9]. Therefore, it is highly necessary to establish discrimination methods for P. notoginseng from different origins and cultivation models. In the field of data mining, many mistakes would be made throughout the analyses or attempting to establish relationships between multiple features. The chemometrics is a powerful tool in applying data mining, and thus can effectively solve the above problems [44,45], which can be divided into unsupervised algorithms and supervised algorithms. Among them, the supervised algorithms are used to classify samples into predefined classes, which is more helpful for the establishment of models [46,47]. In this study, the origin discriminant model using the NNs algorithm and the cultivation mode model using the SVMs algorithm were achieved based on the content of 49 elements in P. notoginseng. NNs, a series of algorithms that mimic the operations of a human brain to recognize relationships between vast amounts of data [48], was also used. At present, the study of geographical discrimination of edible oils [49], honey [50], French red wines [51], pork [52], and so on, had also proved that this algorithm could effectively help to establish the origin discrimination model. As one of the most popular supervised algorithms, SVMs was used to create the best line or decision boundary that can segregate n-dimensional space into classes; thus, easily put, the new data point toward the correct category in the future [53]. At present, the study of geographical discrimination of millet [54], Curcumae Radix [55], Angelicae Sinensis Radix [56], vegetables [57], and so on had also proved that this algorithm could effectively help to establish the discrimination model.




4. Material and Methods


4.1. Chemicals and Reagents


Nitric acid 65% (HNO3) was purchased from Merck, USA, and hydrofluoric acid 49% (HF) was purchased from Aladdin Reagent Corporation, China. Ultrapure deionized water (ddH2O) with a resistivity of 18.2 MΩ cm was obtained from a Milli-Q Plus water purification system (Millipore, Bedford, MA, USA).



Twenty-six multielement standard solutions (Na, Mg, K, Ca, Fe (1000 μg/mL), Sr (100 μg/mL), Al, V, Cr, Mn, Co, Ni, Cu, Zn, As, Se, Mo, Ag, Cd, Sb, Sn, Ba, Pb, Tl, Th, and U (10 μg/mL)), a single-element Hg standard solution, and seventeen rare-earth elements (Ce, Dy, Er, Eu, Gd, Ho, La, Lu, Nd, Pr, Sc, Sm, Tb, Th, Tm, Y, and Yb (10 μg/mL each)) were provided by Agilent Technologies Company.




4.2. Collection and Pretreatment of P. notoginseng


P. notoginseng samples (a total of 89 mixed samples) were collected from the main planting origins in Yunnan Province, China, in 2019 and 2020. The sampling points were shown in Table S5 (a total of 30 sampling bases), which included both the five main planting origins (WenShan, QuJing, HongHe, KunMing, and PuEr) and the cultivation model in field and forest of P. notoginseng. Each planting base was randomly sampled at three points, and eight or ten P. notoginseng samples were collected at each point as mixed samples. Then, the collected roots of P. notoginseng were washed with clean water, dried at 60 °C, coarsely crushed, ground to ultrafine powder with a Planetary Mono Mill (PULVERISETTE 6, Fritsch, Idar-Oberstein, Germany), and then passed through a 60 mesh sieve.



In addition, in order to study the accumulation dynamics of multi-element (not rare earth elements) in P. notoginseng after transplanting, two planting bases, PuEr (forest model) and HongHe (field model), were selected, and samples were collected in August 2019, November 2019, and November 2020, respectively. A three-point random sampling method was adopted for each base. Ten P. notoginseng plants were collected from each sampling point and 100 g of rhizosphere soil and edge soil was also collected during the first sampling. Then, samples from three points were mixed as the same treatment. The P. notoginseng samples were pretreated by the same method. Next, the soils were naturally dry and then passed through a 60 mesh sieve.




4.3. Microwave-Assisted Acid Digestion Procedure


All glassware and polytetrafluoroethylene (PTFE) tubes were immersed in a 10% (v/v) HNO3 solution for 48 h, followed by a minimum of three rinses with ddH2O, before being dried and finally stored ready for use [58]. A Multiwave PRO microwave digestion system (AntonPaar, Ashland, VA, USA) was used for the digestion of samples.



Soil: About 0.1 g of each soil sample was weighed and mixed with 4 mL of HNO3 and 2 mL of HF, and pre-digested at 130 °C for 30 min. The samples were then processed by microwave digestion with a ramped-up temperature from ambient to 130 °C over 10 min and held for 5 min, followed by a ramped-up temperature to 195 °C over 10 min and held for 20 min. After digestion, the solutions were evaporated to near dryness and cooled to room temperature. A negative control (no sample) was provided for each series of digestions.



P. notoginseng: About 0.4 g of each homogenized sample was weighed and mixed with 6 mL of HNO3, and pre-digested at 130 °C for 30 min. The samples were then processed by microwave digestion with a ramped-up temperature from ambient to 120 °C over 10 min and held for 2 min, followed by a ramped-up temperature to 190 °C over 4 min and held for 20 min. After digestion, the solutions were cooled to room temperature. A negative control (no sample) was provided for each series of digestions. Both digested samples and blanks were diluted to 50 mL with ddH2O and analyzed by ICP-MS/MS.




4.4. ICP-MS/MS Analysis


The concentration of 49 elements (23Na, 24Mg, 27Al, 39K, 43Ca, 44Ca, 51V, 52Cr, 53Cr, 55Mn, 56Fe, 57Fe, 59Co, 60Ni, 63Cu, 65Cu, 66Zn, 75As, 78Se, 88Sr, 89Y, 97Mo, 98Mo, 107Ag, 111Cd, 114Cd, 118Sn, 123Sb, 137Ba, 139La, 140Ce, 141Pr, 146Nd, 147Sm, 153Eu, 157Gd, 163Dy, 165Ho, 166Er, 169Tm, 172Yb, 200Hg, 202Hg, 205Tl, 206Pb, 207Pb, 208Pb, 232Th, and 238U) in P. notoginseng was determined by ICP-MS/MS (Agilent 8800, Tokyo, Japan). The calibration standard solutions were prepared in the range of 0–4 μg/mL for 23Na, 24Mg, 39K, 43Ca, 44Ca, 56Fe, and 57Fe; 0–400 ng/mL for 27Al, 66Zn, 88Sr, and 118Sn; 0–40 ng/mL for 51V, 52Cr, 53Cr, 55Mn, 59Co, 60Ni, 63Cu, 65Cu, 75As, 78Se, 89Y, 97Mo, 98Mo, 107Ag, 111Cd, 114Cd, 123Sb, 137Ba, 146Nd, 147Sm, 153Eu, 157Gd, 163Dy, 166Er, 172Yb, 205Tl, 206Pb, 207Pb, 208Pb, 232Th, and 238U; 0–12.5 ng/mL for 139La, 140Ce, 141Pr, 165Ho, and 169Tm; and 0–8 ng/mL for 200Hg and 202Hg. A mixed internal standard (ISTD) solution with a concentration of 50 ng/mL Sc, Ge, In, and Bi was used to correct changes in the sample uptake rate and plasma conditions for the ICP-MS/MS [59]. Through the tuning program, the operational mode of He and no gas mode were optimized. The instrument’s other conditions of ICP-MS/MS were shown in Table S6.



The multi-element calibration solutions were prepared at different concentration levels using 5% HNO3 media to match the sample matrix. By analyzing the experimental data, a linear fitting standard curve with the X-axis as the concentration point and the Y-axis as the response value was created. Using this standard curve, a background equivalent concentration of the analysis element was obtained by calculating the element standard deviation. LODs were calculated as (3 σ/k) and the LOQs were calculated as (10 σ/k), where standard deviation (σ) was the standard deviation of the blank signal (n = 11) and k was the slope of the calibration line [33,60]. Then, the accuracy of the method was estimated using analytical recovery, which was evaluated by adding the standard solutions with two different concentration levels (high and low) to P. notoginseng samples. These samples were both digested and analyzed in triplicate by ICP-MS/MS [22].




4.5. Statistical Analysis


All statistical analyses were conducted in the R software environment (v4.1.2; http://www.r-project.org/, accessed on 18 January 2022). Most of the results were visualized using the ‘ggplot2′ package [61], unless otherwise indicated. The experimental data were expressed as mean ± S.E.M, and recorded in Excel 2019 (Microsoft); then, the significance analysis was performed using the ‘agricolae’ package [62] and ‘ggpubr’ package [63] for Duncan’s test and T’test, respectively. The permutational multivariate analysis of variance (PERMANOVA), Anosim, and NMDS were performed using the ‘vegan’ package [64]. Heatmaps were illustrated based on Z-score-normalized relative abundance of taxa using the ‘pheatmap’ package [65]. Discriminative models for P. notoginseng were trained and predicted using the ‘Caret’ package [66]. In the field of data mining, supervised algorithms were used to classify samples into predefined classes. This was helpful for the establishment of models [47], such as PLS-DA, LR, LDA, RF, NB, kNNs, SVMs, and NNs.





5. Conclusions


The discriminant models established in this study could be used to support transparency and traceability of supply chains of P. notoginseng and thus avoid the fraud of geographic identification. This study contributes toward generalizing the multi-element analysis coupled with chemometrics as a promising tool for discriminating the origin of medicinal herbs and food, and provides technical support for the relevant research of the origin discrimination.
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Figure 1. The accumulation dynamics of elements during the growth of P. notoginseng. (a) Growth environment of P. notoginseng in different cultivation models, and specific sampling locations of P. notoginseng roots, ehizosphere, and edge soil. (b) The multi-element determination result of P. notoginseng and soil in PuEr bases. (c) The multi-element determination result of P. notoginseng and soil in HongHe bases. RS: rhizosphere soil; ES: edge soil; R21: root of P. notoginseng collected in August 2019; R22: root of P. notoginseng collected in November 2019; and R32: root of P. notoginseng collected in November 2020. 
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Figure 2. The results of ANOSIM and NMDS analyses of multi-element content of P. notoginseng from five origins. (a) The analysis of similarities (ANOSIM, using Bray–Curtis similarity distance matrix) of the multi-element content from five origins. ‘+’ represents outliers. (b) the results of the non-metric multidimensional scaling (NMDS, using the Bray–Curtis similarity distance matrix) of the multi-element content from five origins. 
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Figure 3. The results of ANOSIM and NMDS analyses of the content of multi-element in P. notoginseng from different cultivation models. (a) The analysis of similarities (ANOSIM, using Bray-Curtis similarity distance matrix) of the multi-element content from cultivation models. (b) the results of the non-metric multidimensional scaling (NMDS, using the Bray–Curtis similarity distance matrix) of the multi-element content from cultivation models. 
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Table 1. The major parameters of models of each class based on the content of multi-element in P. notoginseng from different origins.
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Modes

	
Region

	
Sensitivity

	
Specificity

	
Balanced Accuracy

	
Accuracy

	
p-Value [Acc > NIR]

	
Kappa Value

	
Area under ROC Curve (AUC)






	
PLS-DA

	
HongHe

	
0.7500

	
0.8696

	
0.8098

	
0.4815

	
2.76 × 10−1

	
0.3844

	
0.8750




	
KunMing

	
1.0000

	
0.5652

	
0.7862




	
PuEr

	
0.5000

	
0.9565

	
0.7283




	
QuJing

	
0.0910

	
1.0000

	
0.5455




	
WenShan

	
0.7500

	
1.0000

	
0.8750




	
LDA

	
HongHe

	
0.2500

	
0.9565

	
0.6033

	
0.7037

	
1.78 × 10−3

	
0.6129

	
0.7881




	
KunMing

	
0.7500

	
0.9565

	
0.8533




	
PuEr

	
1.0000

	
0.9565

	
0.9783




	
QuJing

	
0.6364

	
0.8750

	
0.7557




	
WenShan

	
1.0000

	
0.8696

	
0.9348




	
RF

	
HongHe

	
0.7500

	
0.9565

	
0.8533

	
0.8889

	
2.89 × 10−7

	
0.8472

	
0.8750




	
KunMing

	
0.7500

	
1.0000

	
0.8750




	
PuEr

	
0.7500

	
1.0000

	
0.8750




	
QuJing

	
1.0000

	
0.8750

	
0.9375




	
WenShan

	
1.0000

	
1.0000

	
1.0000




	
NNs

	
HongHe

	
1.0000

	
0.9565

	
0.9783

	
0.9259

	
2.32 × 10−8

	
0.902

	
0.9750




	
KunMing

	
0.7500

	
0.9565

	
0.8533




	
PuEr

	
1.0000

	
1.0000

	
1.0000




	
QuJing

	
0.9091

	
1.0000

	
0.9545




	
WenShan

	
1.0000

	
1.0000

	
1.0000




	
kNNs

	
HongHe

	
1.0000

	
0.9565

	
0.9783

	
0.6667

	
5.82 × 10−3

	
0.595

	
0.8920




	
KunMing

	
0.7500

	
0.8261

	
0.7880




	
PuEr

	
1.0000

	
0.9565

	
0.9783




	
QuJing

	
0.2727

	
1.0000

	
0.6364




	
WenShan

	
1.0000

	
0.8696

	
0.9348




	
NB

	
HongHe

	
0.7500

	
0.9565

	
0.8533

	
0.7407

	
4.63 × 10−4

	
0.6655

	
0.9071




	
KunMing

	
1.0000

	
0.8261

	
0.9130




	
PuEr

	
0.7500

	
1.0000

	
0.8750




	
QuJing

	
0.6364

	
0.9375

	
0.7869




	
WenShan

	
0.7500

	
0.9565

	
0.8533




	
SVMs

	
HongHe

	
1.0000

	
0.9565

	
0.9783

	
0.8889

	
2.89 × 10−7

	
0.8548

	
0.9625




	
KunMing

	
0.7500

	
0.9130

	
0.8315




	
PuEr

	
1.0000

	
1.0000

	
1.0000




	
QuJing

	
0.8182

	
1.0000

	
0.9091




	
WenShan

	
1.0000

	
1.0000

	
1.0000
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Table 2. The major parameters of models of each class based on the content of multi-element in P. notoginseng under different planting models.
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	Modes
	Sensitivity
	Specificity
	Accuracy
	p-Value [Acc > NIR]
	Kappa Value
	Area under ROC Curve (AUC)





	PLS-DA
	1.0000
	0.8571
	0.9615
	0.0030
	0.8976
	0.9286



	LR
	0.7368
	1.0000
	0.8077
	0.2605
	0.8261
	0.8684



	LDA
	0.6842
	1.0000
	0.8571
	0.4258
	0.5385
	0.8421



	RF
	1.0000
	0.8571
	0.9615
	0.0030
	0.8976
	0.9286



	NNs
	0.8947
	0.8571
	0.8846
	0.0531
	0.7194
	0.8759



	kNNs
	1.0000
	0.5714
	0.0531
	0.0531
	0.6609
	0.7857



	NB
	0.7368
	1.0000
	0.8077
	0.26045
	0.6012
	0.8684



	SVMs
	1.0000
	1.0000
	1.0000
	0.0003
	1.0000
	1.0000
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