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W E: B SRR XM i O R S 2E R, G 20t ik iy Yot R R BURE,
o S VLV 258 AN () 7l S ) 0 IR Y L T3 sk SR R G S S A R I T 1S 7 (inductively  coupled
plasma-tandem mass spectrometry, ICP-MS/MS)XJ S RAETF 3 MNMVLPERF LAY 150 NASMFE SR 15 ek
HEATIE, ARAFH PR B E B, 456 RS> 43 1T (principal component analysis, PCA)F1H] ] 43 4
(discriminant analysis, DA), SHT AR ARHE TR AR, BT RIHMEIRS. &R AR H
FMHPWEETE . METEMESESTEEFER, TUBCHIRS AR A0 il Eie bR . E85
3BT MR BURFIEM R T 1.0, FTLLEE 15 AN W10 RSB E 0o, B 2 5THRFRIX 63.001%, FEALRE T )5
ARk Y RFR A B o AMAS RS S Ar sk, vy S SR e 5, 1P 0 0 TR R 5 RT A S B 3 A AN TRD
1 150 DAY 99.3%IERFI G . G5 B YIRS LR AT LU VLG A8 i 7 s B R S, SR AR T
5 TR 25 i R D b PR AP B R R S 4

KB VLGSt MBS SR TR IS IR, ER AT AR 7 IR

Geographical origin traceability of tea in Jiangxi Province based on inductively
coupled plasma tandem mass spectrometry analysis of trace mineral elements
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(Development Research Institute of Testing and Certification Technology, Jiangxi General Institute of
Testing and Certification, Nanchang 330029, China)

ABSTRACT: Objective To analyze the difference of mineral element content in tea from different producing areas
in Jiangxi Province, and construct discrimination model for the identification of tea from different producing areas in
Jiangxi Province. Methods Inductively coupled plasma-tandem mass spectrometry (ICP-MS/MS) was used to
analyze the content of 15 kinds of mineral elements in 150 tea samples collected from 3 different producing areas of
Jiangxi Province to obtain the element composition information. Combined with the technology of principal
component analysis (PCA) and discriminant analysis (DA), the characteristic element variables of tea from different
regions of Jiangxi Province were analyzed to screen the characteristic fingerprint. Results The content of major
elements, trace elements and heavy metals in tea from different areas of Jiangxi Province varied greatly, which could

be used as an effective source-tracing index for fingerprint analysis. Two principal components selected from 15 mineral
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elements explained 63.001% of variance. Two typical discriminant functions were established from 2 principal

components. The discriminant functions established could be used to discriminate 150 tea samples from 3 different

origins correctly by 99.3%. Conclusion The fingerprint of mineral elements in different producing areas can

provide a new method for tracing the origin of Jiangxi tea, and provide the identification basis for the protection of

the origin of Jiangxi famous tea brands in the future.

KEY WORDS: Jiangxi tea; inductively coupled plasma-tandem mass spectrometry; mineral elements; principal

component analysis; discriminant analysis; origin traceability
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YLV H A FE s & RFReash  WITE A DT
Hrohgh & R s AR | R R R e ARk, FEIT
TOAZA BN HRIF T, LA OB BT T %R (2
PERE RBSE). BUdbdEK . s, #e . PInEE) .
PR GEN L R R = RALRG X, A A
A BERGIE . FINBES . RAS. TLRSE g4
TRV PG HBFRAR 27 i ) M 2575 2 PR R T AT 4k,
B AR E Dy 25 2507 i LR B A AN IE, XV At AT
7 MR Bt BT A, X TR L PG A A AR AR A
FTHHEE T8 A N R (e e A % i X,

YT E, RIEAEH A B WA M ™
MBS T, 45532 F U0, L5 B0 Ao b
SR AE L) P A Kl AR R, B ROCRIE N A
S TEE MR — BNy, Heem N AR ISE P 1
B LK RAPEE, TS AT YR & 5T
R B i JC R A A HE VISR, R ) XA
JEA AN R B sk s Kk, L KL B
i 35 e b i R A R A2 ST, RIOR TR 7
SRR A A T o0 2R 2R S o AR AN T,
X — A ) o0 R B & A SR A 7 i TR
TR TR R AT REE 0 e AR SR B AR T S B
AN R RIRA AR P BB ) o0 R B A R B = i, AL
TR 284 BT FUH N 43 A7 S GE T I A A AE bR, @ AT
T R TR RO P2, AT SIS BRAR 7 i ) 7 e 9 T
LA, #5002 45 SRS H AR © L sh i T £4 000
E AN 1 S N NS AN & b NN & SN Y51 LAl
AU ZRnp Ul o RO i Y e A R . R
TR A7 B 5 R ) 5 R T G 2 v A T 7 b R,
AW 2R RS P o0 3 46 805 B AR XL S
72 B PEAT R MR AT o

AL JER A 45 B A B B J% 1% 7 (inductively  coupled
plasma-tandem mass spectrometry, ICP-MS/MS)H. 4 %% 7 il
AR RN R TT R TR AR ), BT BT
IHER B ez — 12 ARSI AE T 3 AR IX Y 150
R ZEM, SR B A7 -ICP-MS/MS W5 A5 15 Fh

FYILER, IR T 2E Tt b iy 4343 T (principal
component analysis, PCA)FIH 5434 (discriminant analysis,
DA)P ST VTPG 3 A7 XA R BT, DU R 7T
A BT R ] L 7 IR AR R AR S

1 MR5RE

1.1 RS

fief I3 IO F VL P AR AU AR R I R (WY) B L
PEAARFR XIS (LS . #h R AR Xz )1 (SC)H =
KA X o

ZILRIROPREREAW(100 ng/mL, EFA G438 K&
HL AR ARG, ICP-MS/MS fiff £ I 7 1 (Ce |
Co. Li. Mg, TI. Y, 10 mg/L). ICP-MS/MS fi# 4184 AR
W Bi, Ge, In, Li, Lu, Rh, Sc. Tb, 10 mg/L)(EH
Agilent 22 F]); AR SUAUK(TERAE, 1 251k 0 4
(SN
1.2 UE5EF

Agilent 8800 = H A3 B FL BN A 45 B TR BT (36
Agilent 24 w]); Milli-Q #B4li/K & 4L (35 E Merek /A F]); Mars
6 Classic fH I M ##X (35 CEM A F]); VB 24PLUS fin#ifY
(36 Lab Teach /A 7]); AX224ZH/E Ji 432 —HFRF-(R
SRR A A
1.3 XLWHE
13.1 #HeRELHaiam

SRMEHGE X AR 50 MEEM, it 150 GyRER,
BIRESD 2 kgo B BAEAFIHUI N 2 A 25, TiE R
HAE SR AN 6] 5 LA 2 bR AR IR . A5 RIS o
B S, 2SR K U T R SR R U A vk ORE,
F 60°CHEAE ML 4 h, TRRR, 2 A& .

HEBIFREL 0.50 gCREAE) 0.1 mg) 2S5 TR IR 2
I e, R SRR FREC— A TRESD, FERR 10 18F
I — AR SRR, A S mL BRFN 1 mL XK, o5k
FFRMR, 5 2 d ERIEEART 100°CIRRF 5 min,
150°CHR-EF 5 min, 180°CHREE 30 min FEATIHAE, THAE SIS
76 150°CIMBUY FHERREZ 1 mL, FIKEREN R E R
F 25 mL &=, .
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132 # &z

ICP-MS/MS MERT YL R . %k ED
Wi, RAFELMNAR L, #EH In. Rh, Sc IR
JLER. FAFEMELZINE 3K,
14 HIELIE

iz FH SPSS 26.0 FAX R G Bt A T AR Ak . A5 IR IR
B %A B AR, SRJE B L AR AR S . DL
TH B JE LR B0 (0] (9 S s ), (SRR sE BLmT Lt . SR A
SPSS 26.0 Mt 3 A-E A e Yoo R AT B4
AYHT, FEAE RSN B SR ST AR

2 HERE55H

2.1 FMHRITMTRANE

AWFFEIEEL 3 A= M AT Y0 2R A 25 5 R
15 FOCEEAT LA, W3 1, AR 2 h 80
R R, HiITRBEMg). #P). #5(Ca). fh(Mn),
Bk (Fe). BF(Zn)FIoox &, HOFYWE 4 5k 3
1714.70, 3257.44 2322.19. 730.01, 65.50. 29.47 pg/kg, H:
rhF L b A R R (M) P34 B e s, TSI MR
P, H5(Ca). F(Mn). Zi(Fe). BE(Zn) P& & ik
T o 2 R R T R AR (TR S e 3 B 22 AR K, H
g B, A 7 6% 2R 3 4% A
PR (Cr) S R AR N 25 15 I 9 1%, LA EJCR
i 2 S RS R (1 A ST B T B A

F1 3ANBEMEMERS 15 I 9T RS B (=50, ng/kg)
Table 1 Content and composition of 15 kinds of mineral
elements in tea samples from 3 counties (N=50, pg/kg)

% P
&) JFLh L5

¥Mg  1585.58+362.51  1903.86£362.52  1654.65+347.77
3P 3071.924503.34  2671.10£503.34  4029.29+607.01
“Ca  2128.25+460.70  2277.55+460.70  2560.76+380.11
“Mn  563.83£91.39 693.07+91.38 933.11£103.67
*Fe 56.92+11.75 64.52+11.75 75.05+6.63
Zn 24.48+6.76 27.94+6.76 35.99+4.39
ONi 4.92+0.87 7.21£0.87 6.45+0.86
SCu  10.542+3.05 11.99+3.054 13.93+2.83
BTy 4.13+0.81 0.66+0.82 1.58+0.26
2%pp 4.5140.76 2.4240.76 3.53+0.29
2Cr 0.18+0.057 0.50+0.057 4.48+0.29
¥Co 0.27+0.058 0.60:£0.058 0.370.085
Sy 0.036+0.013 0.053+0.013 0.073+0.017
"¥Se 0.070£0.009 0.17+0.009 0.087+0.007
"cd 0.47+0.088 0.44+0.088 0.14+0.033

TE: RPER AP B R e DR 2

22 WYIRREEHEXRMESH

2T AR YT R R, R SPSS 26.0
XoF 25 It eI BT ) T 3R () 0 K R AR AR DG M A A, S5 IR LR
20 MEERFUT LU B, F a8 2 X TR SR IE
3 (P<0.01), 40 Mg 55 Ni, Co. Se EWEIEME, P 5
Mn. Fe. Zn. Cu. Cr. V W EFIFFK, Ca 5 Mn. Zn.
Cr. V2 EIEMK, Mn 5 Fe, Zn, Ni, Cu, Cr, V£
W B IEAH2E, Fe 5 Zn, Ni, Cu., Cr. V 28 EF1EH K, Co
5 Se BB EMIG; FERPIETLEL, P45 Co. Se.
Cd EHMEHE, Mn 5 Cd EHRERME, Ni 5 Ti. Pb
EWE AR, Fe 5 Cd. Ti. Pd 2 EFAHIE, Pb 5 Co.
Se B EEGARS, Cr 55 Cd. Se LR R, AN
B 15 My Pon g, A 7 MY on RS AT R
FAEM LB 50%, A 9 R IR 5 HALT ¥
E W BB A L 3T 50%, X UL B 15 Fha-
Yo o] H A Sk A Sk, 3 R 3 w8 7 b ) ) SR AR AL
TARUEN Ry S SRR FH 3% A 0 500 4 A S ) S A
LR

23 ERSOWN
23.1 #EREKRE

1 B 2 7 0E A R AT F LA A BT R R 5
J7 ¥ 2 A B 4R B R (Bartlett) BR B B K6 35 F1 KMO
(Kaiser-Meyer-Olkin) BUR: & G B 46 06 ot 34 I Ji o 28 1 22
] A G, B R R R AR 22 A EEMER, A6k
PRIBUX JUAN AR 5 2Z [ 2 7 AT o 40 . B3 3
AT, KMO BUREIE DI Rt 545 Rl 0.865, 40F 0.8~0.9
ZIR1, 8 B R[] 7 4l i) A5 I rh 25 R b 22 8 15 8 B S
B, RAFEME T, e bt B, B
PRI RRERTE 2 AG 50 0 5 PE S 0.000<0.05, ERIE (B % B
P, o5 B 45 78 e 22 18] B4 A7 AE A P AT LA B 4y
0T
232 ERESFERKE

XiF A 0 B 00 R R IR B AR AL S, A
JH SPSS 26.0 ¥ {FRA PCA #2£EUH T, #47H T M,
DR BURIEE R T 1.0 A 7, 2500 3% 4, RBP4
TR, R 63.001%K B2, EAMCE T K&
FEBRAE A ) 77 i B A% o 4 SRR 15 B B T (1) DA
AEAE g DA, 53 S Rl o T T E I S A R K,
WEWNGEZ, 5P AESFEE DN, A50E R
/e A EWRT LEWAE H, B 12 s T
KB EE, FEB I 2 0T E 63.001%, B LAl L
W PCA MRTFIA 1 B FAE A PR TR SE 1 150 403 2% A
a A ZE A AR i, Ok B I RS W) 7 b AS T TG R Y
Fa AR R AE H 1 .
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# 3 KMO 0 Bartlett #3675 R
Table 3 Results of KMO and Bartlett tests

s GER
KMO HUHEE ) H: i 4 0.865
AR J5 1654.861
ELRF R R ERTE 4G 56 A 105
2 0.000

®4 ERDFETEE

Table 4 Variance contribution rates of principal components
B R FHAEE S BRI Al

i Mm% BRBU% B %% BRY%

1 5.561 37.072  37.072 5.561 37.072  37.072

2 3.880 25929  63.001 3.889 25929  63.001

EE/

T T S R N
1 2 3 4 5 6 7

L
10 11 12 13 14 15

8 9
Hiliaes

B3 A BRI E R A ]

Fig.l Principal components map of tea in 3 counties

233 BARREESZRS THFY RK

FIHI SPSS 26.0 B AF X brEAL 5 £ 47 F R o3
Br, DHRBURFIE(E R T 1.0 BT, a7 LARE] 2 4> E s,
R K5 220600 P 78U AL R e e, #9815 Fha ¥yt
FAE 2 DERSHIRDREL, GRIE S KRR
15 APRUEAL IS BRI 73 SCHE Xo~X,s, 2 A 800430
ICHE Y R Y MR 4 &N EARTE R T P IS 23 &
B, A3 2 A T B BCE AR 35 R

Y=0.015X,+0.149X,+0.081X;+0.158X4+0.129X5+0.151X¢
+0.040X,40.095X5—0.044Xy+0.006X+0.184X,;—-0.037X,+
0.135X13*0.06X14*0,173X15;

Y,=0.123X,-0.100X,—0.007X5+0.013X4+0.036X5—0.002X,
+0.171X5+0.028X5—0.196Xo—0.212X—0.052X,,+0.224X,,+
0.033X3+0.219X,4+0.047X 50

2.3.4 EmaAEEESM

K o0 2 IR AR BOE AR HE AL S5 R 45 R A R iR
FERY, ] SR ZE MRS B Y, F0 Y, 09 RS 5R U
Yo Y Bl Y, O X, 150 AR S R4 BiAR A 4k
At 13 FIPIAS F R R, S5 ILIE 20 AN 2 7]
VIFH, i s Ee s 150 SRR HIZEH RN 3
KA, Hp NSOGB RETHSEMNAT I,

P L2 R P SRR T B B A R O, IR A
PRE T HUGE R L5 b o I, AT LUHIBRX 15 Fh
WIoL R &5 G RIS al LUA RHRE A [R] 7™ 4 i 2 i X
57t

*5 BEFEBIEHASTHESRY

Table 5 Score coefficient of each index in each principal component

_ %
Ei=ga)
1 2
Zscore: Mg(X,) -0.015 0.123
Zscore: P(Xy) 0.149 -0.100
Zscore: Ca(X;) 0.081 -0.007
Zscore: Mn(X,) 0.158 0.013
Zscore: Fe(Xs) 0.129 0.036
Zscore: Zn(Xe) 0.151 —-0.002
Zscore: Ni(X7) 0.040 0.171
Zscore: Cu(Xg) 0.095 0.028
Zscore: Ti(Xo) -0.044 -0.196
Zscore: Pb(Xy9) 0.006 -0.212
Zscore: Cr(X;y) 0.184 -0.052
Zscore: Co(X12) -0.037 0.224
Zscore: V(X13) 0.135 0.033
Zscore: Se(X4) —0.060 0.219
Zscore: Cd(Xis) -0.173 0.047
3k a1
#E)
ok o Ll
v ZER
1 -
Ny
0 -
o
1k
2r 1 ! | | |
-2 -1 0 1 2 3

r,

Pl 2 Rk 3 RS AR
Fig.2 Scatter plot of 2 kinds of principal components

2.4 FRISHr

FIRN A HT RS RO LR E LT, X ELmE
A3 X G 1 LI A8 A 0BT S8 248 500 Sk I Wi R X 42 2 )
B —FI e ik, TR TN E T YoeEE 15 F,
F£ FLa i 328 4043 b 245 60 1 A 2 4 v LA 150 4>
AN[R] 7 i 4 E EAT HERR B 402, DR ARSI SR A T 2 AT
AR Y R0 Y ST RIS RY X RS0 7 AR R4 7
Hi AU
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241 EZMED B

N T HEREE R ERIT YL Y, MR, AT
AT, T R X R A T LA A2 R, 4RI 6,
LG VIF {H 1.000<5.00, Bd BT EASEAT A1 50 5047 .

o HEMISETRE

Table 6 Coefficients of collinearity diagnostics

- Kb RS L RS Fe PGt
) B ARMEAEIR Beta T 0 WEM F%  VIF
1(# ) 2.000  0.022 91.001  0.000

Y, 0.727  0.022
Y, 0.265  0.022

0.888 32.983 0.000 1.000 1.000
0.324 12.027 0.000 1.000 1.000

W 2K F (variance inflation factor, VIF),

242 BEVFH) &I

PURCAY Yo Yo MG A &, F SPSS 26.0 #:47 151 4>
Mr, 13S0 BIA-SLT R ] R A, 455 I 7, ARE R0 51 R
BORLH 0 T AE AR b eR B, 1A AR NS MR 5 A AR b 5 S
D EE S, SR 7= M 0 B0 B, %R R R Ak
A= 1Ry, 45900 8, 3 A=Al O AR AT, X
B F 3 A7 HRR R B0 . A pRER 1 AR 2 X R
D FIRE A L, SR ILE 3, B H T DL B )R
RN ER T, RN FESMERL L, B
IR EEANMERAS By, BEANESXHIRIE,

®7T ENERBRRRERY

Table 7 Function coefficients of standardized typical

discriminant
F sy
1 2
Y, 8.673 0.171
Y, —-1.026 1.433

TE: 1A 2 A3 2 PR R] U0 R B bR it R 8, T I

*8 HEOLHERBRY

Table 8 Function coefficients of the centroid

_— EREYi
1 2
#)I(SC) -0.758 -3.936
JE1LI(LS) 4317 1.400
ZEPE(WY) -3.559 2.536

243 HApHpELER

W 3 BB 150 ASASHHRE S P I Y1 C B AR AL
PR 0 AR b 3 ) 500 0 VR A AR o R A ) 0 4 2R BRI
FEHATRE IR, S50 90 MR AIHE, XF 150 5%
T 5 7 Y B A B IR T R 99.3%, 3% )11 7™ Hiu ) )
KK 98.0%, FHABFTA = Hh# 2 100.0% 0 F 1) % 7 A —
HEAE AE R, 3 AN HIA 99.3%HRE R HERG IR,

IR I SR A N 98.0%, HAtL 2 A7 i i R U3 R
100.0%.

6_
3_
IS
& or
=
3L
6k
I I I ! !
-6 -3 0 3 6
PR

3 BTRH I
Fig.3 Scatter plot of typical discriminant

®9 FIASAER

Table 9 Results of discriminant classification

I EE AR EY SN

o T
#4990 1 50

WA L o0 50 0 50

B ® ZE 0 0 50 50
o B os 0 2 100
FIBF%  Filr 0 1000 0 100

ZEE 0 0 100 100

EN 49 0 1 50

A b o 50 1 50

RE Y ST be ZEIR 0 0 50 50
A2 X ik S os . b

FIBA % JEL 0 100 2 100
EFE 0 0 100 100
TE: a. IR 99.3% ARG E AT T 43265 b (AT
Sy BT AN REAT A XIE, FEAS IRIEH, fN SR ER R
LMY BT A SR AE B R B 743255 o IERfHBXT 99.3% 1
BEAT T 3 SURAIE G C 20 A T T 0 2%

2.5 F7H 5 ALEREIE

N T 3k KR BE TR 3 S e RO A T ) L IE
B, ARFFERIE T 5 A ILLS) A AR b Y
15 i oe R, FRIXAS 5 ARRARE IR R B RE
die 48 S ANRERE ST PO R I E G5 SRR HEIL S, R4S
Rt A RO AR R, T DA R AR 2
BT AE R o R 3R B 5] bR SR TR A AR ol St 9 5
ke FIER 10 AT, AU BB, 150 AN RE b 977
B 99.3%IETRMIN; FAIIRIDHAZRI 5 DARMEER L
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FE Rk A IL(LS), FUBIZE RIS . XUy ik
ARG R IR iy A T MRS 047 s 90 0, n] LR — R A 3L
F 50 S 2 ) T B

R 10 FIATHEIELER

Table 10 Results of discriminant classification test

gt N AN e

7 b F=87)

BN il 2
(SC)  (LS) (WY)
#N1(SC) 49 0 1 50
JEILI(LS 0 50 0 50
A s (-5)
ZEPH(WY) 0 0 50 50
il RATENF 0 5 0 5
o % J)11(SC) 100.0 0.0 0.0 100.0
JEili(LS 0.0 100.0 0.0 100.0
L 1/% ) €5)
ZEP(WY) 0.0 0.0 100.0 100.0
KOAENE 0.0 100.0 0.0 100.0
3 4

AHFFE R A ICP-MS/MS 45 15 Fi e R & B AE L
P9 3 AR M A AA e B 8 25 5, Horps (= b o
FIEEMg) -2 i, 25 = A5 Hr 5 (P) | 45(Ca) .
Ei(Mn). 2(Fe). #Zn) P& RN, MEETEK(T)
B & mrE 3 BAmMhERMA, Hdz)l B hEm, 42
JELLRY 7 £ ZRURIG 3 A%, ORI TR A B A A1
TR S R B D B A A e L Y 1S R TC R W
DRFE AR ST AT T 0 SR R o)1 S 25 T A 40 5] e
Ry 99.3%, & I UFLE R o, XA 4 4 A ) 1)
IEAGR 99.3%, UL RE0 58 S ER I XTIFE 3 4N
MO HEA TP B . ACEIF AT AR 3 AN )
AR JCHERT TSR, AR AT N ik B Py ot i) A8 ety
RRZm, DR i b B R R T E— 2. (R
SEAIGE I W) 0 B AR SO B AR I g N7 1 b s
RIREAE XTIV PG RS 0T HEA T I . A R = el s, A A JE L
G0 148 2 it B %) 7= M SR A 4 — T R
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