§40% Hi6H] Jit 3 2 iR Vol 40 No. 6
2019411 1 Journal of Chinese Mass Spectrometry Society Nov. 2019

E T =B BIERAFS A3 5%

EOPL AR R AR
(1P EAR 2B AR ST T & T 5106505
20 E TN A M PG AR A A I R A LS L TR I 510070
3. E BB R JEET 100049 )

FEE « LU 2R B 3t X 7 1 PG 2 S ) B 92 TG 9 5 1 3t BIURE A L R T AR08 O A - v R 5 S R IR
TR A VS 0 T0 2R A . DRI B 4 Oy TR 1 O 2 S VS VE S T R AR BB L B W S T R
fiE . 383 T 28 SRS BN 6] 7 P9 S 1 22 00 1 20 500 79 3 5 0% M. AR 0 1) & AR (003 3 434 4L
&1 3% 2 [B] A AR ARLEE S AE 0.9 DL b SR W]l 1 o0 R 48 U RIS B — & WA R0 IR 8 8 J0 & 16 SU
ROFERLEE B 0. 93, R ILST 22 P ¥R S hE S kA7 7= 1 51 IE R R 95. 5%,

KR VIS s OB R B A S B TR BT % (ICP-MS) ; 48 8L 5 T F 5 7™ b ] 5
FESHES:0657.63 XHRARERD A T EHES:1004-2997(2019)06-0525-13

doi:10. 7538/zpxb. 2018. 0164

Research on Origin Identification of American Ginseng

Based on Element Fingerprint

WANG Zhe"??*, ZHANG Chun-hua’, HUANG Xiao-lan’, WU Hui-qin®
(1. Guangzhou Institute o f Chemistry, Chinese Academy of Science, Guangzhou 510650, China;
2. Guangdong Provincial Public Laboratory of Analysis and Testing Technology ,
China National Analytical Center (Guangzhou) ., Guangzhou 510070, China;
3. University of Chinese Academy of Science, Beijing 100049, China)

Abstract: In order to carry out research on the geographical characteristics of American
ginseng, a method of inductively coupled plasma mass spectrometry (ICP-MS) com-
bined with microwave digestion was established. The results showed that 50 inorganic
elements in American ginseng had good linearity and correlation coefficients were all
greater than 0. 999 4. The limits of detection (LODs) were in the range of 0.000 6-
8. 680 0 pg/L. And the recoveries were between 85.53% and 116.27%. The national
standard material of Astragalus membranaceus (GBW10028) was determined for 6 times

in parallel. The measured values were all in the range of standard values apart from Zn,
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and the relative standard deviations (RSDs) of six times of measurements were 0. 37 %-
19. 64 %. These data indicated that the accuracy and precision were reliable. According
to the results of the measurement, the element fingerprints of 17 American ginseng sam-
ples produced in Weihai city, Shandong province were constructed by transforming data
into graphics. And the standard element fingerprint was established by using the aver-
age element contents. The range of similarity degrees between the element fingerprints
of 17 American ginseng samples and the standard element fingerprint were from 0. 925 3
to 0. 995 1, which were calculated by the vector similarity method. It showed that the
established element fingerprints were feasible and the similarity threshold of American
ginseng from Shandong province was defined as 0. 93, and it was used to identify the
origin of American ginseng. If the similarity degree between the element fingerprints of
unknown American ginseng samples and the standard element fingerprint was higher
than 0. 93, the origin of unknown American ginseng would be regarded as Weihai city.
22 batches of American ginseng samples of other origins were used for origin verifica-
tion, the accuracy rate of origin discrimination was 95.5%. The results indicated that
the element fingerprint could be used to identify the origin of American ginseng. This
study revealed the abundant element information of American ginseng and established a
method to discriminate the origin of American ginseng by element fingerprint.

Key words: American Ginseng; microwave digestion; inductively coupled plasma mass
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Table 1 Linear equations, correlation coefficients and detection limits of elements
TLH Lo [l H 5 LIPS o B
Elements Regression equations Correlation coefficients Detection limits/(pg/L)
Li y=0.0026x+0. 00035655 0. 9999 0. 2815
Be y=0.0026x-+0.00029375 0.9999 0.2278
B y=0.0016x+0.0117 0. 9999 1. 3660
Na y=0.0335x+1. 8825 1. 0000 3. 5410
Mg y=0.0169x+0. 0562 0. 9999 0.1764
Al y=0.0073x+0. 0456 0.9997 1.1780
P y=0.00043793-+0. 0061 1. 0000 1. 1370
K y=0.0140x+1. 2341 0.9999 2. 1460
Ca y=0.00065697x+0. 0190 1. 0000 8. 6800
Sc y=0.00352+0. 000067595 0. 9999 0.0147
Ti y=0.0053x+0.0011 1. 0000 0.1074
\ y=0.13772+0.0106 1. 0000 0.0756
Cr y=0.1607x+0.0342 1. 0000 0.2199
Mn y=0.1088x+0.0231 1. 0000 0.0622
Fe y=0.1307x+1.0226 0. 9999 0. 6656
Co y=0.2216x+0.0169 1. 0000 0.0371
Ni y=0.0546x+0. 0083 1. 0000 0. 0680
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LR 2R 1l )5 Oy LIPS %4 6 1 BR
Elements Regression equations Correlation coefficients Detection limits/(pg/1)
Cu y=0.1376x+0.4194 1. 0000 0. 0846
Zn y=0.0244x+0. 1404 1. 0000 0. 1375
Ga y=0.0823x+0.0088 1. 0000 0.1165
As y=0.0154x+0.0010 1. 0000 0.0261
Se y=0.0015x+0.0011 1. 0000 0. 4605
Rb y=0.0811x+0.0088 1. 0000 0.0363
Sr y=0.11232+0. 0060 1. 0000 0.0219
Y y=0.0113x+0. 000027820 0.9999 0. 0006
Mo y=0.0039x-+0. 00015219 0.9994 0.0107
Ag y=0.01162-+0.00012063 1. 0000 0.0041
Cd y=0.0038x+0. 000098756 1. 0000 0.0425
Sn y=0.0086x+0. 0054 1. 0000 0.4338
Sb y=0.0100x+0.0011 1. 0000 0.0300
Cs y=0.02012+0. 000055228 0.9999 0.0033
Ba y=0.00362-+0.00091490 1. 0000 0.0219
La y=0.0067x+0.0022 0. 9996 0. 0448
Ce y=0.0211x+0. 000097030 0.9998 0.0036
Pr y=0.02132+0.000019295 0.9998 0.0012
Nd y=0.00972-+0. 000037765 0.9999 0.0051
Sm y=0.0085x+0. 000020204 0. 9999 0.0043
Eu y=0.03142+0. 000054650 0. 9999 0.0014
Gd y=0.0120x+0. 000033593 0.9999 0.0022
Th y=0.0697x+0. 000035368 0.9999 0. 0007
Dy y=0.0165x+0. 000038610 0.9999 0. 0047
Ho y=0.0673x+0.000028001 0.9999 0. 0007
Er y=0.0230x+0. 000042727 0.9999 0.0022
Tm y=0.0722x+0. 000042768 0.9999 0. 0009
Yb y=0.0161x+0.000047021 0.9999 0.0020
Lu y=0.01392+0. 0000098354 0.9996 0.0015
Hg y=0.0076x-+0.00026769 1. 0000 0.0185
Tl y=0.0448x+0. 0125 1. 0000 0.0999
Pb y=0.0326x+0.0376 1. 0000 0.1088
Bi y=0.04732+0. 1222 1. 0000 3. 3920




530 B 4R 404
x2 NAEYRMREESNEE
Table 2 Standard values and measured values of certified reference material
LR R fE B fE AF T A o Al 22
Elements  Standard values H Hz H3 Ha Hs Hs Mean values RSDs/ %
Li* 1.2540.12 1. 21 1. 31 1. 32 1. 32 1.33 1. 27 1. 29 3.55
Be ™ 50+ 14 48 43 39 41 48 37 43 10. 97
B 16.841.6 14. 8 15.3 16.1 15.3 15.0 14.7 15.2 3.33
Na* 0.14540. 10 0.125 0. 169 0. 140 0. 139 0.143 0. 150 0. 144 10. 08
Mg~ 0.22840.010 0.233 0.233 0.219 0.224 0.223 0.231 0. 227 2. 64
Al* 0.18%£0.03 0.17 0.17 0.17 0.19 0.18 0.17 0.17 4. 11
P~ 0.22540.012 0. 220 0.223 0.215 0.214 0.232 0.223 0.221 2.87
K= 0.70%0. 04 0.73 0.73 0. 69 0.71 0.70 0.73 0.72 2.53
Ca” 0.45640.018 0.473 0.471 0. 449 0. 460 0.458 0. 465 0.463 1. 89
Sc (0. 3) 0.2276 0. 2446 0. 2256 0. 2287 0.2265 0.2299 0. 2305 3.08
Ti 102411 98 97 97 94 100 97 97 1. 94
A\ 2.5640.32 2.53 2. 67 2.35 2. 86 2.78 2.70 2.65 6.93
Cr 2.2+0.4 1.9 1.8 1.9 1.9 2.2 1.9 1.9 7.79
Mn 33+1 32 33 33 33 32 33 33 1.61
Fe 0.11340. 007" 0. 107 0. 106 0. 109 0.109 0.107 0.108 0.108 1.12
Co 0.44+0.03 0. 48 0. 46 0.43 0.45 0.42 0. 42 0. 44 5. 34
Ni 2.26+0.15 2.37 2.28 2.41 2.38 2.26 2.25 2.32 2.96
Cu 8.5+0.7 7.8 8.0 7.9 7.8 7.9 7.9 7.9 1.02
Zn 22.3+1.0 19.6 19.3 22.4 17.7 19. 8 19.5 19.7 7.64
As 0.5740.05 0. 56 0.58 0.56 0.55 0.56 0. 55 0. 56 1.73
Se 0.07140.024 0. 055 0.091 0.063 0.075 0.074 0. 057 0. 069 19. 64
Rb 10.5+0.5 10. 5 10. 1 10. 8 10. 4 10. 1 10. 1 10. 3 3.07
Sr 5143 48 48 48 49 48 48 48 0. 37
Y 0.6+0.1 0.5 0.5 0.5 0.6 0.5 0.5 0.5 5. 05
Mo 5.740.6 5.5 6.0 6.0 5.9 6.0 5.9 5.9 3.39
Ag™ (8) 11.13 7. 84 7. 60 7.10 8.31 10. 24 8. 70 18. 49
Cd 0.04240.010 0. 034 0. 034 0.033 0. 036 0.048 0.033 0. 037 16. 17
Sh 0.06340.014 0. 059 0. 064 0. 059 0. 057 0. 052 0. 066 0. 059 8.22
Cs 0.2354+0.014 0.229 0.233 0.229 0.228 0. 221 0.231 0.229 1. 83
Ba 20.5+2.5 18.5 18.3 18.0 18.9 18.7 18.7 18.5 1. 69
La 1.0740.09 1.10 1.10 1. 04 0.99 1. 07 1.03 1. 06 4.01
Ce 2.034+0.23 1. 89 1. 84 2.01 1. 84 1. 96 1. 84 1. 90 3. 83
Pr* 231428 232 219 235 217 231 220 226 3. 50
Nd 0.90+0.11 0. 86 0. 82 0. 88 0. 81 0. 84 0. 83 0. 84 3.31
Sm ** 172413 163 160 164 168 177 162 166 3.63
Eu™ 3246 32 31 32 33 32 32 32 2.27
Gd** 160+18 150 154 154 164 153 160 156 3.21
Th* 2242 21 21 20 21 23 22 21 4. 24
Dy ™ 122413 115 111 122 112 109 115 114 3.83
Ho** 23+4 20 20 19 20 19 21 20 2.81
Er* 60+12 50 49 50 55 54 51 52 4.93
T'm ™ 8.8+1.8 7.3 8.3 7.6 7.2 8.0 7.4 7.6 5.73
Yb** 62419 49 51 50 46 45 44 47 6. 56
Pb 1.4440.10 1.41 1. 37 1. 46 1. 37 1. 44 1. 38 1.41 2. 84

TE e G 1077, v AL 1070 B BRIE R S i B0 1070, /5 BB A AN 008 L 15 5 WU A 25 (1
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Table 3 Spiked recoveries of American ginseng

JLR ) {E A AH Tz & A&
Elements Measured values/(pg/kg)  Background values/(pg/kg)  Quantity of scalar/(pug/kg) Recoveries/ %
Li 159. 93 58. 46 100 101. 47
Be 87. 82 2.29 100 85.53
B 9826. 13 4686. 07 5000 102. 80
Sc 94. 96 0. 000 100 94. 96
Ti 6963. 55 1444.73 5000 110. 38
\' 187.13 72.05 100 115. 08
Cr 232.01 128. 07 100 103. 94
Mn 55071. 37 49683. 03 5000 107.77
Fe 89910. 59 84193. 76 5000 114. 34
Co 238.19 131. 39 100 106. 80
Ni 1381. 06 816. 78 500 112. 86
Cu 9309. 50 4573. 55 5000 94.72
Zn 15685. 92 9889. 20 5000 115.93
Ga 121. 49 10. 58 100 110. 91
As 105. 96 16. 34 100 89. 62
Se 85. 96 0.12 100 85. 84
Rb 17065. 36 11912. 67 5000 103. 05
Sr 24360. 21 19158. 19 5000 104. 04
Y 128. 22 16.53 100 111. 69
Mo 91.91 3.52 100 88. 39
Ag 95. 08 0. 000 100 95.08
Cd 253. 77 166. 39 100 87.38
Sn 178.61 79.57 100 99. 04
Sb 94. 49 0. 000 100 94. 49
Cs 120. 44 28. 60 100 91. 84
Ba 41616. 34 36607.99 5000 100. 17
La 135.74 21.03 100 114. 71
Ce 185. 96 72.54 100 113. 22
Pr 113. 32 8.02 100 105. 30
Nd 145. 64 29. 37 100 116. 27
Sm 110. 42 4.59 100 105. 83
Eu 111. 83 10. 08 100 101. 75
Gd 108. 65 4. 86 100 103.79
Th 105. 34 0.09 100 105. 25
Dy 106. 89 2.74 100 104. 15
Ho 105. 07 0. 000 100 105. 07
Er 103. 30 1. 22 100 102. 08
Tm 104. 36 0. 000 100 104. 36
Yb 104. 95 0.79 100 104. 16
Lu 102. 38 0.75 100 101. 63
Hg 90. 10 1. 86 100 88. 24
Tl 139. 90 39.65 100 100. 25
Pb 138. 26 32.07 100 106. 19
Bi 100. 96 0. 000 100 100. 96
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Table 4 Average element contents and standard deviations of American ginseng in Weihai city, Shandong province

= it T arik o% ik
Elements Contents Elements Contents Elements Contents
Li 278+112 Cu 6.57+1.67 Pr 114.31448.5
Be — Zn 29.9+6.24 Nd 4114174
B 8.80+0.913 Ga 9.85+2. 64 Sm 68.4+29.4
Na 251145 As 68.0+24.3 Eu 21.8+6.22
Mg 1.2840.197 Se 73.9420.2 Gd 67.0+28.0
Al 220£75.8 Rb 9194365 Thb 7.57+£3.26
2.35+0.663 Sr 18.5+2.83 Dy 39.7+16.2
K 13.04+1.74 Y 225+90. 8 Ho 7.29£2.90
Ca 1.9940. 354 Mo 1704134 Er 20.348. 34
Sc 65.21+19.6 Ag 5.55+4.16 Tm 2.68+1.13
Ti 7.46+2.65 Cd 203+80. 8 Yb 16.8+7.09
\% 360145 Sn 1234170 Lu —
Cr 1.3440. 736 Sb — Hg —
Mn 131+£53.3 Cs 19.547.95 Tl
Fe 193457. 2 Ba 39.8+11.2 Pb 320164
Co 627+355 La 7614295 Bi —
Ni 6.25+2.01 Ce 1. 0740. 460

Mg .P.K fll Ca §J ¥ J& g/kg;B.Na,Al, Ti,Cr.Mn.Fe,Ni,Cu.Zn.Ga,Sr.Ba fll Ce i ¥ & mg/kg; H: Al 76 2 & #AL 2

pe/ ke — R KA H

2.3 IWFRAFESTRIELEIEMET
ICP-MS Hfgill % jo R B AR & i, B A T
TR AL R B R F8 SR L T B SR AN TR G
FE K122 5, i oo R A TR & KF.
I — 23 TR AN KO£,
17 b 1L 7R ki VY 3 2 42 ICP-MS il & 15
B —RIVEHE B 44 FPOC R E 8 KA N

5250 1 G ERT 10 000 meg/kg B K I
5 2 R HAE 500~10 000 mg/kg Z [H]
Mot &, 4 Mg, P, Ca; 5 3 K2 & &
50~500 mg/kg Z A A ICER . 45 Na, Al Mn,
Fe.Zn .Ba; % 4 R FHAE 5~50 mg/kg Z 4]
e 14 B TiNi,Cu.Ga,Sr; 5 5 K2 FH
H/NT 5 mg/ke BIIL R HE Li,Sc, V., Cr,
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Co.As.Se.Rb,.Y.Mo,Ag.Cd,Sn,Cs,La,Ce,
Pr.Nd.Sm.,Eu,Gd.Tb,Dy,Ho.Er.Tm, Yb,
Ph. B LAIKE AR AR 7R TR AN AL bR R 7R o
RE M ERMAE T RIBLAE . 151
2 I0 R 45 SUIE T I STRE o0 R 7 T A
ANENIHERE S T 3% P 3 28 WL 0 AR
P 0 R & BRI A 2R 0 R BEAT 4R TOAL B

Hoh K 45 /8 10 000 £, Mg, P.Ca 4i/h 1 000
% ,Na,Al.Mn.Fe 45/ 100 £%,B.Ti.Zn.Ga.
Sr.Ba 45/ 10 . 2l T R MR 5 & B K
FMidon TR 1. v LUE A [ i iy vh i
SR G EA—EEZ 5 Hel&iHoR
SR [7] 33X ol i SRR A0E AT VR Sy 100 7 2 10 7
HURFAE

A(ng/kg)

L]
K

O T AT M A B o B AL ] I Y
B — S AR S B 6 00 45 SR B RS L LA 17 A
ARSI LR T & /AR INAR TS
bR & B R Y JT R bR R BUIEE R T
B 2 R LK A DA L AR T e X P 2 1 4
fiE 3%
2.4 MHOETE

T 4 S0 V38 G I 2o A o s — B o oA 2] 3
RIS 00 P % =2 1) R ARLBE SR /N AR D — b Jo
P A b o o e [ 2 A R IS 2 B
S ] 3% =2 18] fi] 5 AR L3 R i B 45 SCIAT 3 2 )
AR BE o 5 45 SUIRL I B 2 4 23 [8] 9 1Y
T 5 A i B0 ET % 2 1) A4 AR R4 s T DL R
AR TR A 1) R A AR AL . A i SR A A N
ik ARl RO — 2 2 AR I A 1 3 Y
- 247 P i w6 P A b E AL AR
i LA v T ARG ) I B AR AL D R
PR A ) 1 R A A M . R R SR/ I
4 E B4 T 0 B

AR 3 J5 PGS BT 57 1) 06 3R 4 SR 3 ok
FHLBE PR FF 17 HEPY S HE AR 2 i oT

B1 LUFEBEBAFSTRELEE

Fig.1 Element fingerprints of American ginseng in Weihai city, Shandong province

R KT R B L s ) ) L R T
B R 5 o0 O AR T K Z ) 2
Sl KR T R 43 X T 2R HEA T 4 AL B SR 1)
SR 2D TS 17 VTSR R Y T
AR LUK 5 o0 R bR T8 S B R A LR L 3
BRI TS,

M5 ATLLVEH . ILARBIBE S ITR
& SCE S 55 70 2 bR o e S0 RS AR L U
JLFEI R 0.925 3~0.995 1, Bl & P PE S 4L 2
JF1) £ AF DL BE #4978 0. 90 DA b, 32 B[R] — 7 Hb 75
HESML R & BA & ENAHMUE, 22
WEBH T T 7 1 V4 VE S 00 R R SCRE A AL
PE AT HE 1

IR BT S TR IE SR 50 R
P HE 45 S0 LS 08 R AR BE S /ML S A AR B BE ]
(ERUNIE N R RE DI § T G AT AR ¢
RLEE B {E Sy 0. 93, 78 % 5 R H1 77 H i V8 7 =
SR T I AR R AR P S
JCE TR B 5 1L 7R U b X T 2 AR e S A
T 0 AR DL BE L A BEARARLEE = T 0. 93, D)) e
PR F IR O R ZAE T
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Wl 0%

£S5 LFEBBEFSARBEYEENTRMERYEENEMUE

Table S Similarity degrees between element fingerprints and standard element fingerprint

of American ginseng in Weihai city, Shandong province

% AR % AR
No. Similarity degree No. Similarity degree
SD1 0. 9882 SD10 0. 9864
SD2 0. 9894 SD11 0.9711
SD3 0.9842 SD12 0.9687
SD4 0.9777 SD13 0. 9877
SD5 0.9743 SD14 0.9951
SD6 0. 9685 SD15 0.9626
SD7 0. 9859 SD16 0.9713
SD8 0.9927 SD17 0.9341
SD9 0.9253 FH{E 1. 0000

2.5 REREBEYLEEANEFST TR
T BUETC R 8 SCE T PS5 R
BB AT B BGE AR R VT LT bR &
RAARZS 52 il 70 R ARMESE SO 09 10 R P9 7
Z: 38 22 A S oR R R YRS R L 3T
Bk BB P P2 R i T8 3R 1 S 3 AT R A v AR
SRR A ARLRE LS5 2R 5 T 6. R 7 22 it
VEHES AR .2 SHERARRLBESS SR O 0. 938 7,
FNGNHA AR PG 2 T 52 B 2 3 MRS 2L B

W2z A LAt 7 S A o 349 40 590 TE A 7 e ) G
B2 95. 500, o, fin 5= R IX 1V 7 S 4
WIEE 45 0. 621 8, 5 FF 8 <7 10 1 45 i
VOIS IC R b AR SO 22 510K o T 3 HW
Mo LGS I RS TR & 5on TRl 3.
SR B PG S 00 RARE G TE Na, Ti, Mn,
Fe.Cu.Ga,Rb,Sr F1 Pb &b 1y ik I 4 B 3 2% 51,
FWITTE $ B X H 0 VGV S 7 i B BT
R HERE

x6 HBBEMERIESR

Table 6 Similarity degree verification results of the samples

i AR EE H 25 5 2B 7
No. Similarity degree Discriminant result Actual place of origin
1 0. 6458 E[IFR ERIN
2 0. 9387 ITFR Ak
3 0. 6502 EIIFR W bk
4 0.5721 FE AR ERN
5 0. 6228 E[FIIER WAk
6 0. 5630 EIFIIER R
7 0.7205 E[IFR G
8 0. 8260 EIFIIFR Ak
9 0. 8498 EIFIIER RN
10 0. 8806 [P GRS
11 0. 8450 EIFIIFR BRI
12 0.7716 EIFIIER GRS
13 0. 7587 EIHIIER RN
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“gx6
i ARARLBE PR RS e B
No. Similarity degree Discriminant results Actual place of origin
14 0.7372 e AR Ak
15 0. 7525 EIFIIFR Ak
16 0. 7533 EIFIIFR L AN
17 0. 7490 Pl &R LT
18 0. 7903 EIFITFS BRI
19 0. 8333 (PR Ly
20 0. 5787 E[S1IFS Jbat
21 0.6218 IR JIE-DN
22 0. 9685 TR TS
3 x10°
6_
O
=<
o
S
|
4
2_
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 /]/\ 1 1 1 1 B B S I — 1 1 l/
Li B NaMgAl P K CaSc Ti V CrMn Fe Co Ni CuZn Ga As S¢ Rb Sr Y Mo Ag Cd Sn Cs Ba La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Pb
TLH
B2 WHEEBEAESTERERYLEDL
Fig.2 Standard element fingerprint of American ginseng in Weihai city, Shandong province
x10°
10
8_
2 o6t
D)
=
1
a4
| M
O 1 1 1 1 1 1 1 1 1 1 - 1 1 § —— L L j —

3

B3 mMEXAFSTEREYLEE

Fig.3 Element fingerprint of American ginseng in Canada
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