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Fingerprint characteristics and origin traceability of rare earth elements in main root of Panax notoginseng
XU Xiangdong', HE Zhongjun'", LIANG Shewang’, WENG Jing', RAN Yuyan'

(1. College of Resources and Environment, Yunnan Agricultural University, Kunming 650201, China; 2. College of Agronomy and
Biotechnology, Yunnan Agricultural University, Kunming 650201, China)

Abstract: This study aimed to explore the content and distribution of rare earth elements in Panax notoginseng from different producing
areas and to distinguish the producing areas of P. notoginseng, using rare earth elements. The ICP-MS method was used to identify 16 rare
earth elements in the main root of P. notoginseng collected from 44 producing areas in Guangxi, Yunnan Wenshan, and Yunnan new
cultivating regions. A health risk assessment of rare earth elements in the main root of P. notoginseng was carried out using the health risk
model of the United States Environmental Protection Agency. The results showed that rare earth elements Tm and Lu were not detected.
The total content of the remaining 14 rare earth elements was 0.943—-11.911 mg-kg™'. Based on the allowable daily intake (ADI) of 0.07 mg-
kg™ -d™, the total content of rare earth elements in the main root of P. notoginseng was not harmful to human health. The average content of
each rare earth element in the main root of P. notoginseng was Ce>La>Nd>Y>Sc>Pr>Sm>Gd>Dy>Er>Yb>Eu>Th>Ho, which is relatively
enriched for light rare earth elements. One—way analysis of variance and Duncan’s multiple comparison of the 14 rare earth elements
showed that the content of rare earth elements in the main root of P. notoginseng was different in different producing areas, but the
abundance changes of the same rare earth elements in different producing areas were similar. The correct discrimination rates of the Fisher

discriminant model for three main root producing areas of P. notoginseng were 100%, 80%, and 87.5%, respectively, with an average of
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86.4%. The accuracy of the training set was 96.6%, and the accuracy of the test set was 93.3%, calculated using the multi-layer perceptual

neural network model. The content of rare earth elements in the main root of P. notoginseng varies in different producing areas, and rare

earth elements can be used as an important index to distinguish between the producing areas of P. notoginseng.

Keywords : main root of Panax notoginseng; rare earth elements; food safety; origin traceability
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Table 1 Soil physical and chemical properties of Panax notoginseng producing areas

R 5iH T}E _ ﬁ_HUﬁ . FH B A8 480 bk . %ﬁ%’f@%ﬂ{;‘
Producine area Ttem Volumetric weight/ pH Organic matter/  Cation exchange capacity/ Base saturation
° (grem™) (g-kg™) (cmol kg ™) percentage/%
IS O 0.81~0.84 6.17~7.84 51.15~60.48 15.89~19.04 67.66~98.14
S 0.84 7.11 54.81 17.34 84.55
= S X [ 0.75~1.17 4.49~6.97 9.80~44.34 8.65~23.13 11.82~81.91
F-HMH 0.98 5.61 27.07 15.35 48.05
B IX I 0.67~1.11 4.38~6.50 11.00~104.28 7.73~41.05 8.73~66.65
FEE 0.86 5.48 47.88 20.21 40.38
Fz2 REMIRERR
Table 2 The environmental condition of sampling sites
s AL A3 HifE 5273 AEEIRL M SRR
Producing area Sample Longitude/(°) Latitude/(°) Altitude/m Annual mean temperature/°C Humidity/%  Hours of sunshine/h
JUVER X 5 106.05~114.14  23.08~25.18  490~970 18.2~19.9 78.3~80.3 1525~1581
“ESCIEX 15 103.74~105.21  23.01~24.07 1375~1936 14.5~16.3 76.9~81.2 1 724~2 062
YK 24 98.50~104.20  23.30~25.68 1780~2314 12.9~16.4 68.5~80.2 2054~2 352
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Fisher H 51| 4387 | 22 J2 B 28 I £ 43 B 45 28 7 4 53]
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2 HER55H

21 ZEFRPBLITEREERSM

4440 = EARAEA T & o0 R i R
PN 3 iR, 5 00 Tm Al Lu KK H A& T 14
P iR E L ERPMEEERFER. £t
JCE i KN K Ce>La>Nd>Y >Se>Pr>Sm>Gd>
Dy>Er>Yb>Eu>Th>Ho, HH Ce . La Nd )2 3 4%
T, 20k 1.398,0.710.,0.527 mg- kg™, Ho F1 Th fiY°F-
a5 AR, 20918 0.012.,0.013 mg-kg ™, BURE I Ky
B LU EMTEE . R 3N X =L R R
R STV R € 2 7 N il s e | . e T e
R B e E 3 A X £ oo R EA
B 2E 5 i) P X & 0.560 mg -
kg, = B I PR XM 0.265 mg - kg, T A A 5 B BT
PEFEIX R 0217 mg-kg's 347X = b EMRA R
fis Loe R R 20 Bon, 3N KN TR
SEXERBUNT T X B m T am Sl e X s
MY R, am XS m YR X %
N T E

R3 =tFiRPI6AHMBLITEEE(mg-kg)
Table 3 Content of 16 rare earth elements in main root of Panax

notoginseng(mg-kg™)

it o0 Fene| I fE bRz
Rare earth element Scope Mean SD
La 0.156~1.510 0.710 0.535
Ce 0.315~4.940 1.398 1.226
Pr 0.036~0.360 0.139 0.114
Nd 0.120~1.790 0.527 0.440
Sm 0.017~0.385 0.099 0.089
Eu 0.005~0.065 0.021 0.015
Gd 0.018~0.235 0.084 0.064
Th 0.003~0.042 0.013 0.010
Dy 0.015~0.222 0.068 0.054
Ho 0.002~0.044 0.012 0.010
Er 0.006~0.111 0.034 0.027
Yb 0.006~0.108 0.031 0.027
Sc 0.071~1.290 0.326 0.265
Y 0.047~1.190 0.353 0.275
Tm ND — —
Lu ND — —

HE ND FR AR H

Note: ND indicates that it was not detected.

0.7r
0.6r

—

0.5r
0.4r
0.3F

o
Hio

0.2r

0.1r

0

M LR
Average of rare earth elements/(mg-kg™)

JUPE X
Guangxi

=X

Yunnan Wenshan

TR R
Yunnan new
cultivating regions

77X Producing area
Bl AEFR=tERHELITREE
Figure 1 Content of rare earth elements in main root of Panax

notoginseng in different regions
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F4 AEFR=EERP 4FHFHBLTESEN T (mg-kg)
Table 4 Content distribution of 14 rare earth elements in main

root of Panax notoginseng from different regions (mg-kg™)

S L < T i
element Guangxd Yunnan Wenshan -, . ting regions
La 1.448+0.657a  0.667+0.586h  0.582+0.339h
Ce 3.094+1.189a  1.501+1.466b  0.981+0.665h
Pr 0.299+0.141a  0.1260.117b  0.114+0.079h
Nd 1.127+0.572a  0.482+0.442h  0.430+0.311b
Sm 0.229+0.127a  0.086+0.081b  0.079+0.061h
Eu 0.037£0.023a  0.017£0.014b  0.020+0.013h
Gd 0.156+0.071a  0.072+0.064b  0.076+0.056h
Th 0.023£0.010a  0.012£0.011b  0.011=0.009h
Dy 0.121£0.039a  0.064+0.058b  0.059+0.049h
Ho 0.020£0.006a  0.012+0.010a  0.0110.009a
Er 0.055£0.013a  0.035+0.033a  0.029+0.024a
Yb 0.050£0.019a  0.033x0.033a  0.027+0.023a
Se 0.633+0.344a  0.285+0.128b  0.288+0.297h
Y 0.543+0.123a  0.319+0.285b  0.334x0.283h

T B S s A TS /NG 2 B3R 2 53 .35 (P<0.05) .
Note: The data are x+S; Different lowercase letters indicate significant
differences(P<0.05).

HF R B =M S X & T o e e
X, Eu.Gd.Se.Y - BRI K 2= m Hi e X &
Fam = X H 1438 LT R A2 KB 2%
LS OVNTE N
22 =L ERBH L TEREREITN

4440 =L FRFEA R LT R F N 0.943~
11.911 mg-kg ™, SFHIME K 3.815 mg-kg™, AN RIFEA &7
ARMEAR K o 5 HE 5 [ PO S 1727 1 it R IR TR A5
AR RERH =L ERBAR L ITRN HIEA
(RS, 44 =L FREEAPR 0K H ISR KM

x5 ZLERPHLITLELERADIE
Table 5 Rare earth elements content and ADI value in main root

of Panax notoginseng

. ADI 5 ADI-F-3]
B P RO ADPF
niH ADI maximum  ADI average
Scope/ Mean/
Ttem (me-ke) (me-ke) value/ value/
e grre (mg-kg'+d") (mg-kg'-d™)
YREEs 0.943~11.911 3.815 0.000 88 0.000 28
Y LREEs 0.648~9.770 2.893 0.000 72 0.000 21
Y HREEs 0.213~2.547 0.922 0.000 19 0.000 07

¥ : T REEs /5 B - ; ¥ LREEs #R 27 1 ; ¥ HREEs /8 &
it o

Note: X REEs indicate total rare earths; 3, LREEs indicate light rare
earths; > HREEs indicate heavy rare earths.

P 1%) WHARTY

ADIME 7 0.000 88 mg-kg™'-d™", F-3J ADI i g 0.000 28
mg-keg'-d, W5/ T8 S 1H 0.07 mg-kg'-d' A it
P =L R L TR S BT ST HEEN .
2.3 ETF Fisher #3453 #7 B9 = £ F 4R 7= 1 #| H 4= Y

PL3AS= X AFAE B3 22 52 09 11 FP s 100 %K (La.
Ce . Pr.Nd.Sm Eu.Gd.Th.Dy.Sc . Y)/E R {484, &
SE A HL DR AR

Yrm =28.734X1,-5.961X.~59.611X5,~22.235Xx +
366.080Xs,—1 447.878Xs, + 369.976X,~4457.669Xx, +
493.363X,+21.306X5.~10.048Xy~19.652

Y e =7.581 X0, + 1.436X¢.~167.375Xp, + 41.560 Xy~
51.652X5,~135.391X,—5.813Xca+ 177.427 X, + 17.500X,, +
7.661Xs,—1.264X,-3.108

Yirwe =5.044X.-0.679X~22.371Xp. + 2.703Xv—
22.169Xs,+33.082Xy,+63.524X,~373.274Xn,+26.424 X, +
2.975X5+1.016X,-2.175

FIJ FH Fisher S B8 %k = A = HIAE 0 7 b ) 51
FIZERMF 6 Fin. 55BN, KK, 44 - FE
AHAT 6 B ES A AR I IE B %R 86.4% , Horf)
PG 77 X 30 TE 280 100% , 2 7 SCLL ™ X0 0 53]
IEH 2R 0 80.0% , 2 ma BT 4 J& 7= DX 11 4] 1] 1E 1 2 Oy
87.5%. E UL MR = I B4 = M X
FYLTRIN , B A 2 Fg SC L™= XA 3 MREAR BRI =
AT 7 X, Z AR XA R 3 FEA PR
FIHE 2B Sl ™ X HR A A B B 5 i) ) v ™ DX
SEHY R X Z AR, S X —
2 B SCIH ™ DX 3 B E B 23R 80.0% , F B ACR 38
RLAg, AT S PRI F =8 EAR = B s R, o =
L T b P A 5 R B AR A R AP SR R 2 A

&6 BT Fisher FIR I = £ R HHIFIE R
Table 6 Geographical discrimination in main root of Panax

notoginseng based on Fisher discriminant analysis

N pp AN gk R
7RIX o X =3

. 7EIX Yunnan new Accuracy/

Producing area Guangxi Yunnan cultivating regions %
B Wenshan B res

ST 5 0 0 5 100
ZEXUTX 0 12 3 15 80.0
ZRHYREX 0 3 21 24 875

24 EFZERMMEMEER(MLP) =t R
FEXH 5

AT =L ER DAY 14 R0 T OCRE A
AR, L3 IXAE ok AR o R 44 DM REACKEAL Y
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MG (294) K IRSE (154,128 F 22 2 B il 22
W £ FE ST AR X = b EAR R L OCE R 144
DR BB E ET TBE — bR AL AL R M R 2R A2
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Table 7 Geographical discrimination of main root in Panax

notoginseng based on MLP
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