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Establishment of Mineral Element Fingerprints and Their Application in

Identification on Geographical Origin of American Ginseng

ZHANG Chun-hua CHEN Chun-tao CHEN Liang HAN Bikai LI Ziyi
WU Hui-qin®  HUANG Xiaodan
( Guangdong Provincial Engineering Research Center for Quality and Safety of Traditional Chinese Medicine Guangdong
Provincial Key Laboratory of Emergency Test for Dangerous Chemicals Institute of Analysis Guangdong Academy of
Sciences( China National Analytical Center Guangzhou)  Guangzhou 510070 China)

Abstract: An inductively coupled plasma mass spectrometry( ICP — MS) was applied to the detection
of concentrations of 50 mineral elements in American ginseng originated from Shandong( China)  Jilin
(China) USA and Canada. The mineral element compositions in American ginseng from different
places were compared to decide the reduction factors and then the mineral element fingerprints were
constructed by transferring element compositions into graphs. In addition the standard element fin—
gerprints were established by using the average concentrations of each mineral element in American
ginseng from Shandong( China)  Jilin( China) USA and Canada respectively. The similarity de—
grees between the mineral element fingerprints and the standard element fingerprints of the American
ginseng samples from different regions were calculated with SPSS 20. 0 Software. The thresholds of
the similarity degrees were 0.93 0.91 0.98 and 0. 93 for American ginseng from Shandong( Chi-
na) Jilin( China) USA and Canada respectively. To identify the geographical origin of an un—
known American ginseng it need calculate the similarity degree between the mineral element finger—
print of the unknown American ginseng and the standard element fingerprints if the similarity degree
is higher than the threshold of the similarity degree of American ginseng of a certain geographical ori—
gin the unknown American ginseng belongs to the origin. 20 batches of unknown American ginseng

were used to verify this method with an accuracy of 85% . Furtherfore the different ages and parts of
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American ginseng had no impact on the presented method.
Key words: American ginseng; mineral element fingerprints; geographical origin; inductively cou—

pled plasma mass spectrometry
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1.1
: (22 . SDO1~SDI5 X01~X07) . (22 © JI01 ~
SD15  X08 ~X14) . (7 : MGO1 ~ MGO7) . (7 : JNDO1 ~ JNDO7) -
o 60 °C 2 h
( 850 jum) .
P (1000 pg/mL) Ca. K. Mg. Na (100 pg/mL) Al. As. B.

Ba. Be. Bi. Cd. Co. Cr. Cu. Fe. Ga. Li. Mn. Ni. Pb. Sb. Sn. Sr. Ti. Tl. V. Zn
(100 pwg/mL) La. Cev Prv Nd\ Sm. Eu. Gd. Tb. Dy. Ho. Er. Tm. Yb. Lu. Y

(100 wg/mL) ; Ag. Al. As. Ba. Be. Ca. Cd. Co.
Cr. Cs. Cu. Fe. Ga. K. Li. Mg. Mn. Na. Ni. Pb. Rb., Se. Sr. Tl. U. V. Zn
(100 pg/mL) ; Scv Mo. Hg. Rh. Re (1000 pg/mL)

o GBW10027( GSB - 18 ) o

HNO,(68%) ; o
1.2

Agilent 7700x ICP - MS ( ); WX -8000
G -160 ( ); TP-214 ( ) o
1.3
1.3.1 0.5¢ 5 mL 30 min

120 C 20 min 25
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mL o o
1.3.2 ICP-MS 1 550 W; 10 mm,; Mi-
croMist; 2 C; ( ): 15.0 L/min ( ): 0.8 L/min (

): 0.8 L/min ( ): 0.4 L/min ( ): 4.3 mL/min( He ); Rh

Re T 0.1 r/s "Li. "Be. "B, *Na,
#*Mg. 7AlLL Py YK, *Ca. PSe. YTiv 'V 2Cr. PMn. “Fe. YCov “Ni. “Cu. *“Zn. “Ga. "As.
®Se. ¥Rb. ®*Sr. ¥Y. “Mo. '"Rh. '"Ag. "'Cd. "®Sn. "'Sb. "Cs. ""Ba. "La. "Ce. "'Pr.
“Nd. "Sm. "Eu. "Gd. "Tb. '“Dy. '""Ho. '"Er. '“Tm. "*Yb. ""Lu. "Re. **Hg. **TI.
**Ph. *Bi.
1.3.3 Origin 7. 5 ; SPSS 20. 0
2
2.1

ICP-MS Rh Re Li. Be. B. Na. Mg. Al. P. K.

Ca. Scv Ti~ V. Crv Mn. Fe. Co. Ni. Cu. Zn. Ga. As. Se. Rb. Sr. Y. Mo. Ag. Cd. Sn. Sh.
Cs. Ba. La. Ce. Pr. Nd.\ Sm. Eu. Gd. Th. Dy. Ho. Er. Tm. Yb. Lu. Hg. TlI. Pb. Bi 50

. GBWI10027(GSB —18 ) ( 1.
Ga; Sn  Bi
; Ti ;
o Scv Gav As. Ag. Sn. Sb. Eu. Tm. Lu
Bi 10 6 81.2%~127% ( RSD)
1.6%~6.6% 50
1 ( GBW10027) (n=6)
Table 1  Comparison of certificate values and measured values of elements in biological component standard
substances( GBW10027) (n =6)
Element . Measured value Recovery Element . Measured value Recovery
No. Certificate value No. Certificate value
(107%) (X +SD) (%) (1079 (X +SD) (%)
1 Li 0. 087 £0. 025 0. 088 +0. 008 101 26 Mo 0.18 £0.02 0.19 £0.01 104
2 Be* * 5.3+1.1 6+2.4 113 27 Ag** (4) 3.9+0.7 97.5
3 B 10.5+1. 4 10.9 +0. 1 104 28 Cd 0. 033 +0. 005 0.034 +0.002 102
4 Na” 0.007 7+0.001 0 0.006 9 +0.000 1 89.0 29 Sn (0.02) 0.063 +0. 068 -
5 Mg" 0. 137 £0. 006 0.12 £0. 002 87.4 30 Sh (0. 008) 0.007 4 £0.001 4 93.1
6 Al" (0.036) 0. 032 £0. 004 88.9 31 Cs 0.017 £0. 003 0.016 +0.000 5 95.1
7 P" 0.263 £0.015 0.272 £0. 008 104 32 Ba 352 39 +0.5 111
8 K* 0.96 £0. 04 0.93 £0.02 96. 4 33 La 0. 045 +0.003 0.042 £0.011 92.4
9 Ca” 0. 406 £0. 033 0. 378 £0. 005 93.2 34 Ce 0.06 £0. 02 0.062 +0.008 104
10 Se (0.017) 0.02 £0. 005 121 35 Pr** 6.5+1.2 6.2 +0.5 95.2
11 Ti 5.8+1.6 2.2+0.2 38.5 36 Nd 0.024 +0.004 0.024 +0.002 99.5
12 \Y 0.073 £0. 025 0.072 £0. 003 98.7 37 Sm* * 4.5+0.5 4.7+0.5 104
13 Cr 0.13 +0. 04 0.13 +0.04 96.2 38 Eu** (8) 6.5+0.5 80. 8
14 Mn 21 =1 20 £0.2 94.1 39 Gd™** 5.5+1.2 5.2+1.2 94.6
15 Fe 55 +4 48 +8 87.7 40 Th* * 0.65 +£0.05 0.56 £0.03 86. 8
16 Co 0.072 £0.014 0.07 £0. 008 97.4 41 Dy** 3.2+0.4 3.2+0.3 99.9
17 Ni 1. 11 £0. 06 1.13 £0.1 102 42 Ho™* * 0.67 £0.09 0.58 £0. 04 85.9
18 Cu 5.9+0.4 5.9+0.1 100 43 Er** 1.7+0.4 1.7 0.1 101
19 Zn 11.1+0.9 10.7 +0.7 96. 6 44 Tm ™ * (0.3) 0.23 £0. 006 78.0
20 Ga 9.4 +0.1 - 45 Yb** 1.8 +0.4 1.7+0.4 91.7
21 As (0.03) 0.23 +£0. 003 76.7 46 Lu** (0.3) 0.2 +£0.05 68.0
22 Se 0.012 £0. 004 0. 009 +0. 003 75.4 47 Hg™ ™ 4+0.8 2.8+0.3 69.0
23 Rb 4.1+0.3 4.3 +0.05 105 48 TL* * 8.2+0.9 6.5+0.3 79.6
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( 1)
Element o Measured value Recovery Element o Measured value Recovery
No. 6 Certificate value No. 6 Certificate value )
(107°) (X +SD) (%) (107°) (X +SD) (%)
24 Sr 332 32+0.3 96. 6 49 Pb 0.12 £0.04 0.11 £0.05 88.5
25 Y 0.16 +0. 03 0.16 £0. 01 98.2 50 Bi** (2.4) - -
* indicate the unit is 10 2 % * indicate the unit is 10 ~°; the value in brackets is the reference value
2.2
N N 4 2, 2 4
K. P. Ca Mg B. Na. Fe. Mn. Cu.
Zn  Ni 0.6 mg/kg ;4 Al. Ba. Sr. Ti. Ga.
Cr Rb 0.6 mg/kg ; Ce 1 mg/kg
1 mg/kgo
50 K 11.6~14.9 g/kg K
o K. P. Ca Mg
P. Ca Mg 1.33~3.06 g/kg; P
4 Ca Mg
3 o Al. Fe. Na  Mn 40 ~284 mg/kg Al Fe
: Na Mn - Ba-s
Zn. Sr. Ti. Ga. B Cu 3.1~44.1 mg/kg Ba Zn
St B Ti. Ga Cu
o Ni. Rb  Cr 0.6~7.0 mg/kg N . 16
Gd o Be. Ag. Sn.
Sb. Cs. Hg Tl 50 wg/kg o
2
Table 2 Mineral element content in American ginseng samples from different regions
Average content( X £SD) /(pg * kg™")
No. Element —
Shandong( n = 15) Jilin( n =15) USA(n=17) Canada(n =7)
1 Li 321 £97 51 +34 131 +29 56 £22
2 Be 18.5 6.6 4.0+4.0 7.8+3.3 4.0x1.6
3 B” 9.1+1.6 9.8+3.2 13.3+£3.7 13.4 £3.6
4 Na® 174 £52 63 +41 44 £20 66 +32
5 Mg 1 340 £302 1332 +353 1 335 £181 1527 £296
6 Al 284 +125 63 +36 263 +50 82 +36
7 p” 2 585 £991 2 485 +£525 2769 +379 3 060 +401
8 K" 14 203 +4 278 11 562 +2 964 14 313 +2 491 14 903 +3 204
9 Ca* 2210 £621 2 268 +423 2 008 +462 1 919 +£243
10 Se 93.9+39.9 17.4 £7.4 60.6 £18.3 20.1 +£8.3
11 Ti" 12.8 £6 3.4+2.5 15.3+£3.3 3.1=+1.1
12 v 492 +228 100 £57 499 +129 128 +54
13 cr' 1.5+1.0 0.8 +0.8 3.9+1.2 1.3+0.8
14 Mn”* 133 +42 41 =16 69 +36 40 £ 11
15 Fe’ 209 +85 67 £31 211 +49 87 £24
16 Co 620 +253 103 +49 187 +74 77 18
17 Ni* 7.0£1.7 1.2+0.7 1.6 0.9 0.6+0.4
18 Cu” 5.5+1.5 6.0+1.2 8.9+1.6 6.4x1.7
19 Zn 40.6 £12 18.8 +2.1 20.5 6.7 18.8 £3.6
20 Ga" 10.8 £3.4 7.2+2.9 14.5£3.2 3.6+1.3
21 As 91.3 £38.7 28.8 £20.9 64.4 +14.4 53.0+29.1
22 Se 121 +53 26 £17 20 £34 146 + 181
23 Rb" 1.2£0.6 6.3+2.7 3.2+0.8 4.0+1.6
24 Sr” 21.5+4.8 20.8 +6.7 13.4 £3.6 29 +20.4
25 Y 280 + 149 30+18 84 +21 36 +20
26 Mo 20.8 £16. 1 145 +149 124 +54 464 +448
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( 2)
) Average content( X =SD) /(g * kg™")
No. Element -
Shandong( n = 15) Jilin( n =15) USA(n=17) Canada(n =7)
27 Ag 4.4 +4.2 2.1+1.4 - -
28 Cd 328 £ 151 113 £60 163 +81 57 +19
29 Sn 22.4+18.4 9.2x12.3 5.3%9.2 2.6x7.8
30 Sh 4.3+2.1 7.8 £11.6 7.8 +6 2.3+1.7
31 Cs 32.3+13.8 17.6 +12.7 12.6 £2.6 5.9+3.4
32 Ba" 44.1+13 27.5+12. 1 43.6+11.4 11.5+5.6
33 La 773 £416 73 £54 109 £35 98 + 138
34 Ce 1232 +647 107 £58 277 £57 120 +64
35 Pr 130 +70 11 +7 29 +6 10 £5
36 Nd 468 +256 41 £24 107 +23 39 +21
37 Sm 80.3 +42.8 7.8 £4.3 19.6 4.1 7.5x4.1
38 Eu 27.3 £10.9 7.8+3 11.8 £3 4.0+1.5
39 Gd 80.7 +42.8 19.5 +£29 36.3 £43.1 207 £256
40 Th 9.4 +5.1 1.0+0.6 2.6+0.7 1.1+0.7
41 Dy 48.6 +£26.3 5.4+£3.2 14.5+£3.9 6.0x3.5
42 Ho 9.4x5.1 1.1+£0.6 2.9+0.8 1.2+0.7
43 Er 25.6+13.8 2.7+1.7 8.4+2.2 3.3+1.9
44 Tm 3.5+1.9 0.4+0.3 1.2+0.4 0.4+0.3
45 Yb 21.5x11.6 2.2+1.4 7.4£2.1 3.2+1.8
46 Lu 3.4+1.8 0.3+0.3 1.2£0.3 0.5+0.3
47 Hg - 0.7+1.6 4.9 +4.5 0.7+0.9
48 Tl 5.4+2.3 14.2 +11.9 8.3+7.9 6.0+5.9
49 Pb 245 £ 101 69 +47 112 £70 95 £55
50 Bi 2.6x1.8 9.4+18 64 +134 102 +118
* ! indicate the unit is mg/kg; - not detected
2.3
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The relationship between element and content in American ginseng samples from different regions
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Table 3 The classes and reduction factors for the elements
Class  Content/( mg * kg™") Element Reduction factor
1 >10 000 K 10 000
2 1 000 ~ 10 000 Mg P Ca 1 000
3 100 ~ 1 000 Al Fe Na Mn 100
4 4 ~100 Ba Zn Sr Ti Ga B Cu Ni Rb Cr 10
5 <4 Ce La Co V Nd Mo Cd Li Y Pb Gd Se Pr Bi S¢c As Sm 1

Dy Cs Eu Er Sn Yb Be TI Th Ho Sb Heg Ag Tm lu

—w— Shandong —&—Jilin
4- 4-
2 2
£ E;
é 24 E 24
E g
0+ 0
VVPEIGF VU ERPFE ERAPERAGILRRS VPR GPOTHLEDMNAR DR APRRGHLRR®
Element Element
—e—USA —aA— Canada
4- 4-
2 2
£ 2
£ 27 £ 27
£ g
- S
0+ 0
VDRIV R EERAPERAGIILR RS VPR GPOTLEDMNFAR DR APRRGHILRR®
Element Element
2
Fig.2  The standard element fingerprints of the American ginseng samples from different regions
2.4
° SPSS 20.0
15 7
4 o AY Al Al
0.934 ~0.993, 0.911 ~0.992,
0.984~0.997 0.925~0.991 0.90
N N N 0.93, 0.91. 0.98

0.93. 2.3 7



324 40

4
Table 4 The similarity degrees between element fingerprints and the standard element fingerprint of

the American ginseng samples from different regions

) Similarity degree Similarity degree
Sample — Sample —

Shandong Jilin USA Canada Shandong Jilin USA Canada
SDO1 0.961 0.814 0.939 0.710 JLO1 0. 874 0. 980 0. 894 0. 864
SD02 0.987 0. 849 0.937 0. 760 JLO2 0. 864 0.990 0. 881 0. 906
SDO3 0. 956 0. 882 0. 880 0.769 JLO3 0. 874 0.983 0. 875 0. 872
SD04 0.975 0. 898 0.942 0.747 JLOo4 0.872 0. 966 0. 848 0. 897
SDO5 0.934 0. 830 0. 820 0.774 JLOS 0.924 0.979 0. 936 0.877
SD06 0.935 0. 875 0.907 0.834 JLO6 0. 864 0.990 0. 890 0. 901
SDO7 0.981 0. 854 0.915 0. 741 JLO7 0. 888 0.973 0.918 0. 839
SD08 0.991 0. 868 0.925 0.783 JLO8 0. 883 0.959 0.910 0.810
SD09 0.936 0. 947 0. 876 0. 889 JLO9 0. 870 0. 981 0. 892 0. 864
SD10 0.973 0.908 0. 899 0. 829 JL10 0. 874 0.967 0. 906 0. 829
SD11 0. 964 0.916 0.931 0.785 JL11 0.901 0.992 0. 890 0. 908
SD12 0.993 0. 868 0.933 0.764 JL12 0. 821 0.915 0. 845 0. 925
SD13 0.957 0. 800 0.925 0. 741 JL13 0.811 0.916 0.798 0. 987
SD14 0. 985 0. 907 0. 901 0. 831 JL14 0. 844 0.948 0. 856 0. 981
SD15 0. 968 0.873 0. 889 0.789 JL15 0.811 0.911 0.777 0. 969
MGO1 0.924 0. 883 0.984 0.729 JNDO1 0.707 0. 865 0. 700 0. 980
MGO02 0.924 0. 865 0.987 0.718 JNDO2 0. 843 0.897 0. 839 0.936
MGO3 0.928 0. 900 0.987 0. 825 JNDO3 0. 802 0. 884 0.783 0. 940
MGO04 0.927 0.923 0. 996 0.818 JNDO4 0.757 0. 895 0.750 0.991
MGO5 0. 962 0.924 0. 989 0. 826 JNDO5 0. 705 0. 850 0.674 0. 947
MGO6 0.917 0. 894 0.989 0.797 JNDO6 0. 848 0.930 0. 877 0.939
MGO7 0.937 0.908 0.997 0. 801 JNDO7 0.877 0. 990 0. 876 0. 925

2.5
8 o
SPSS 20. 0
5. 0. 989
o N 0.90
0.990 0.999 0.90.

5
Table 5 The similarity degrees between element fingerprints of the American ginseng samples form Shandong with three years

and four years and the standard element fingerprint of the American ginseng samples from different regions

Similarity degree

Sampl
ampre Shandong Jilin USA Canada Shandong( 3 years) Shandong( 4 years)

Shandong( 3 years) 0. 990 0. 867 0.921 0. 781 1. 000 0. 989

Shandong( 4 years) 0.999 0. 898 0.943 0. 801 0. 989 1. 000
2.6

20
20 17 85% o X01 ~

X07 0.90

X08 ~ X11 ; X12 ~ X14
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