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W OE: B SRR XEM iR S 2E R, G 20t ik iy s F A BURIE,
o VLV 258 AN (] 7 el S 0 0 A Y L 3 sk SR H R G S s 1A R KT 15 (inductively  coupled
plasma-tandem mass spectrometry, ICP-MS/MS)XJ SRAETF 3 MNMVLVEA T LAY 150 DA AR R 15 ek
HEATIE, ARAFH PR B E B, 456 RS> 43 1T (principal component analysis, PCA)F1F] 1] 43 #r
(discriminant analysis, DA), ZHr AR ARHE TR AR, IO RIS R AR HY
R EETE . METEMESESTEEFEAR, WTUBCHIRS I A A S0 i Eiebr . E85
3BT MR BURFIEM R T 1.0, FTLLKE 15 AN W10 RSB E 00, B Z TTERFRIX 63.001%, FEALRE T )5
ARk Y RHR A5 B o AMAS B S Ar sk, vy S TR e 5, )R 0 0 Y i 5 RT A S B 3 A AN TRD
19 150 DAY 99.3%IERFI G . G5 YT R IR LI AT LUT VL Pa A8 i P s i R S, S AR T
5 IR 25 i L D b PR 4P SR R AR S 4

KB VLGSt HUBERA SR TR IR, 0o ER; ERAT AR 7 R

Geographical origin traceability of tea in Jiangxi Province based on inductively
coupled plasma tandem mass spectrometry analysis of trace mineral elements

XU Zhi-Liang, ZHANG Xin-Quan

(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 FH s & RFReash  WITE A DT,
Hhohgh & RSk s AR | R e ARk, FEIT
TUAZA BN HRIFT, LA OB BT T 8 AR (2
PERE RBSE). BUdbdBK . g, #e . PIiEE) .
PR GEN L I IR = RALR X, A
A BRI FINBES . BRAS. TLRSE g4
TRV PG HFRAR 2™ i ) ML 2575 20 PR R T AT 4k,
B AR E D25 2507 i LR B A AN IE, XV At AT
7 MR Bt BT A, X TR L P A 4 AR A A
FTHHEE =0 R N R (e e A B i X,

XTI E, RIEAE G B R A8
MBS T, 45532 F U0, L5 B0 Ao 2 b
SR e L) P A K AR R, B B R
ST E MR — S EEA Ny, Heem M A R AL 1
B LK R, TS AT Yoo R & S I
oA B i JC R A A VISR, IR [ 7 DA
JEI AN R B B ek e Kk B AL B N
7 350 e vp ) R B AR 22 ST, DR R T 7
SRR A A T W o0 3R 2R el SR AN T,
X — AN ) 4 70 R 15 15 R S S 7 i T
FEARME T KR AT RES 0L A I0 R SR AR T S PR
AN R RIR A TR B ) 8 R B R B =, AL
285 BT FUH 5 W S e E 7 I A A dE bR, @ At
FHE T A TR FVRCHE 2, AT S B 7 i 1 7 b g T
A, #5648 SRS H AR © L oh g T £4 000
E AN 1 S N NS AN & b NN & SN Y51 LAl
AU ZRnp Ul o RO B e AR . R
TR A7 B 5 R R ) 5 I R T G 2 b A T 7 b R
AW 2R RS P o0 3 46 8GE B AR XL A5
72 B EAT P MR AT o

AL JER A 45 B - A B B J3T 1% 7 (inductively  coupled
plasma-tandem mass spectrometry, ICP-MS/MS)H. 4 %4 7 il
AR RN R TT R TR AR ), BUA TR TR
HHER ez — 12 ARSI AE TR 3 AR IX Y 150
R, SR PR A7 -ICP-MS/MS W5 45 15 Fh

YL ER, IR T 2E a2 b 8y 4343 7 (principal
component analysis, PCA)FIF 54347 (discriminant analysis,
DA)P ST VTPG 3 AR XA S BIAET, US R 7T
B <) i o i | N RS 1 LA /B A 5 N2 8

1 MR5RE

1.1 #E 55

fief I 23 B0 F VL PG AR AR R I R (WY) B 8
PYAARFR SR 1 (LS #Erh R AR Xz 1 (SC)H =
KA X

ZIL R A TAER AR (100 pg/mL, EZEA 58 M
BT AR ARG, ICP-MS/MS fiff & I I 1 (Ce |
Co. Li. Mg, TI. Y, 10 mg/L). ICP-MS/MS fi# 45184 AR
W (Bi. Ge. In, Li, Lu., Rh, Sc. Tb, 10 mg/L)(Z[H
Agilent 22 d]); AR UAUK (R4, 1 251k 0 4
[FZNEINE
1.2 UE5EF

Agilent 8800 = H A3 B HLIEAR A 45 B T IR T i (36
Agilent 23 w]); Milli-Q #B4li/K &4 (35 E Merek /A F)); Mars
6 Classic T M ##X (34 [ CEM A F]); VB 24PLUS Ay
(3 Lab Teach /A ]); AX224ZH/E i 432 —HFRF-(R
ST R A F).
1.3 XLWHE
13.1 #HeRELaTam

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

HEBIFRIL 0.50 gCREAE) 0.1 mg)ZSMHHE 5 TR IR 2
I RER, R0 SRR FRIC— 03 P AR, AR 10
S — AR AR, A S mL BRFN 1 mL XK, o5 b
FFRMR, 5 2 d ERIEEARD 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 &=, R,
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132 # &z

ICP-MS/MS MERT YL R &, %k ED
W, RAFELMNARR L, #EH In. Rh, Sc IR
TLE. FAFEMELZIE 3K,
14 HIELIE

iz FH SPSS 26.0 FAEX R Aa Bt A T AR AL . A5 IR IR
BRI J AR R IR, SRR BR DA S bR 2 . LA
TH B TR LR B0 (R) (9 S W s ), (SR o8 BLnT Lt . SR A
SPSS 26.0 Mt 3 A-E A e Yoo R AT B4
AYHE, FFEAE RSN AT B SR _E ST R AR

2 HER55H

2.1 FMHRETMTRANE

AWFFEIEE 3 A=A P oe R & 25 SR
15 FOCEEAT LA, W3 1, AR 2 h - #o0
RGN, WEITRBEMg). BP). #5(Ca). Hi(Mn),
Bk (Fe). BF(Zn)FIoox &, HOFWE 4 5k 3
1714.70 3257.44, 2322.19, 730.01. 65.50. 29.47 pg/kg, F
rhF L b2 e B (M) P34 B e s, TR MR
P, F5(Ca). F(Mn). Zi(Fe). BE(Zn) P& & ik
T o 2 R R O R AR (T S e 3 B 22 AR K, H
g B ot ARSI 7 45 BRI 3 1%, ZREELAE
PR (Cr) S B AR N 25 15 I 9 1%, LA EJEER
i 2 S RS R 1 A ST B T B

F1 3INEMEHEST 15 T 97T E S8 0=50, pg/ke)
Table 1 Content and composition of 15 kinds of mineral
elements in tea samples from 3 counties (N=50, pg/kg)

% P
&) JF LR

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
Ni 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
BT 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 DR 2

22 WYIRREEHERMESHT

J T AR YT R R, R SPSS 26.0
XoF 25 It eI BT 0 T 3R () 0 K R AR AR DG M A A, S5 IR LR
20 MEERFT LU B, FM a8 2 X on R SR IE
A3 (P<0.01), 40 Mg 55 Ni, Co. Se WEIEME, P 5
Mn. Fe. Zn. Cu. Cr. V M EFIFFK, Ca 5 Mn. Zn.
Cr. V2 EIEMK, Mn 5 Fe, Zn, Ni, Cu, Cr, V£
M EEIEAH2E, Fe 5 Zn, Ni, Cu., Cr. V 28 EF 1EH K, Co
5 Se BB EMIE; fFERPIETLEL, P45 Co. Se.
Cd EHMEHE, Mn 5 Cd EHRERHIE, Ni 5 Ti. Pb
EWE AR, Fe 5 Cd. Ti. Pd 2 EHAHE, Pb 5 Co.
Se B EEGARS, Cr 55 Cd. Se LM FEFMI L., TEADFSE
B 15 My Pon g, A 7 P ocR S AT R R
FAEM LB 50%, A 9 Rl ok 5 HALT ¥
E W BB A L 3 50%, XU B0 15 Fha-
Yoo 2K [a] H A S0 i A S, 3 R 3 v 7 b ) ) SR AR AL
TR Ry S SR R FH 3% A 0 500 4 A S A S A
LR

23 ERSOT
231 #ERREE

1 B P 2 5 3E A R AT F LA 4 BT R R 5
T ¥k R B R A 4R (Bartlett) BR B B K 36 Fl KMO
(Kaiser-Meyer-Olkin) BURE & G B 46 06 ot 34 I Ji o 28 1t 2
] A O, B R R AR 22 A ES MR, A6k
PRIBUX JUAN AR H5E 2Z (] 2 7 AT o 40 . B3 3
AT, KMO BUREIE DI Rt 445 R 0.865, 40F 0.8~0.9
Z IR, 8 B AR [R] 7 1l i) A5 I rp 25 R b 22 8 15 8 B S
B, MRAFEMEHE T, e bt B b, B
PRI RRERTE 2 AG 50 0 5 PE S 0.000<0.05, ERIE (B % b
P, o ih B 45 75 e 22 18] B4 A7 A0 A P AT LA T B 4y
0T
232 ERSFETEHE

XF A B 00 R R IR B AR AR S, A
JH SPSS 26.0 ¥R A PCA #£EUH T, #47H T M,
PIHARBURIEE R T 1.0 A 7, 2500 3% 4, B ™A
FRLGY, R 63.001%K B2, EAMCE T KHa &
FEBRAE A [R) 77 i B4 A% o 8 SRR 15 B o AT T (1) DA
AEAE g NG, 53 S Rl o T T B i S A AR K,
WEMEBZ, J5H TR, BENER
/e A EWRT LEWAE H, B 12 s T
KEBEE, FEBo I 2 0T E 63.001%, B LAl L
W PCA MRT P A 1 B FAE A PR TR SE 1 150 403 2% i
a A ZE A AR i, Ok B B RO ) 7 b AS T TG R i
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 P M i 4 0.865
AR5 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 AL AR TR AT -7 Al

B M BR% Sab 0 B E% BE%

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/

Y I [N N N NN (S S S E— S — E— —
1 23 456 7 8 9101112131415
Hiliaes

3 A BRI E R A ]

Fig.l Principal components map of tea in 3 counties

233 BABREESZRS TS RK

FIHT SPSS 26.0 B AF X FREAL S5 ORI SEA T A0 73
Br, DRBURFIEME R T 1.0 IR, AT AR 2 2 4~ ERdr,
R B R T7 ZE0E 0 N7 3 AR RS, 1581 15 MhE o
FAE 2 D ER IR AR AR 5. KRR A
f 15 APRIEAL IS BRI 73 30 X =Xs, 2 A 800239l
ICHE YR Y MR 4 & AR R R P IS 23 R
B, A5F) 24 32 A RCA R 2355

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,,+
0.033X51+0.219X,41+0.047X;5.

2.3.4 EmaAEEESH

F 4 o0 K IR AR BOE AR HE AL S5 R 45 R A R iR
RERL, BT USRI AS R SR Y D Y, B AT A R DL
YooY Bl Y, S X, 150 AR S R4 BiAR A 4k
At 13 EIPIAS F R E, S5 ILIE 20 A 2 7]
VIFH, i s Ee s 150 MR HZEHR N 3
KA, HApENSOREMFE GBI RETHSEMNAT I,

P L2 R P SRR T RS B AR 7, IR A
PR THUGE R 5 b e L, 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(Xs) 0.095 0.028
Zscore: Ti(Xo) —-0.044 -0.196
Zscore: Pb(X9) 0.006 -0.212
Zscore: Cr(X;) 0.184 -0.052
Zscore: Co(X12) -0.037 0.224
Zscore: V(Xi3) 0.135 0.033
Zscore: Se(X4) —0.060 0.219
Zscore: Cd(Xys) -0.173 0.047
3k a1
Z)
ok o Ll
v ZER
1 -
Ny
0 -
o
1k
2r I ! | | |
-2 -1 0 1 2 3

r,

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

2.4 FRISHr

FIGN A HT RS RO EFIRENE LT, X ELmE
A3 DX G 1 LI A8 A BT S8 248 500 Sk T Wi R S X 42 2 )
B —FI G ik, TR TN E T Yot EE 15 F,
FF FLa i 328 4043 b 245 60 1 A = B4 v LA 150 4>
AN TR i 4 AT R B 402, R A SR A T 2 AT
PSR Y R0 Y ST RIS AL o R 0 7 AR iR 4 7
Hi AU
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241 EZMED B

H T HEREE R ERIT YL Y, MRS, AT
AIIHT, T R X R A T LA AL IR, SR 6,
L MEGETE VIF {H 1.000<5.00, Bd BT EASEAT 150 5347 .

o HEMISETRE

Table 6 Coefficients of collinearity diagnostics

- AERRE  AnERRE Fe PGt
) B ARMEAEIR Beta T 0 WEM F%E  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 F (variance inflation factor, VIF),

242 AR R &I

PURGAY Y1 Yo RMIEIGAE &, I SPSS 26.0 #:47 151 4>
Mr, 15BN BTk B R, 455 L 7, ARE R0 51
BORAH IO I AE AR b eR B, 1A ARSI B A AR b 5 I
D EE S, SR P= M i B0 B, R R R Ak
AR =Ry, G590 8, 3 A r= Al O AR AT, X
B F 3 A7 HRR & B0 . A pR AR 1 AR 2 XA
D FIRE SR ASEOS L, SR ILE 3, N H T DL B )1 A
RN ER T, ZERAENFESMERL B, B
IR EEAMERAS By, BANESXHIRIE,

®T AOENEBERIRRERY

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 MO RN R B bR T R 8, T T

*8 HEDLHERBRY

Table 8 Function coefficients of the centroid

.Y EREY i
1 2
#JI(SC) -0.758 -3.936
JE1LI(LS) 4317 1.400
ZEPE(WY) -3.559 2.536

243 HpHpELER

¥ 3 BB 150 ASASHHRE S P I Y1 C B AR AL
A 0 AR 3 ) 500 0 VR A AR o R A ) 0 43 R G
FEEATRE HGAIE, S5 90 MR AIAEL, XF 150 5%
T 5 7 B A B IR T R 99.3%, 3% )11 7= Hbu ) 5]
KK 98.0%, AT Hh# 2 100.0% 0 F 51 % 7 B —
EAE UIAE R, 3 AN HIAT 99.3%HRE R HER IR B,

IR I EL PR 98.0%, At 2 A7 i MR U3 R
100.0%.

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

Pl 3 BRI S
Fig.3  Scatter plot of typical discriminant

®9 FIASAER

Table 9 Results of discriminant classification

T2 R 5 A R

& T
#4990 1 50

WA L 0 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 IS be ZEIR 0 0 50 50
A2 X ik S os . b

FIBA % L 0 100 2 100
EE 0 0 100 100
TE: a. IR 99.3% ARG TN AT T 43265 b (AT
Sy BT AT X, FEAC IRIEH, AR ER i f L
LMY BT A SRR AE B R B 743255 oo IERfHbXT 99.3% 1
BEAT T 3 SURAE G C 20 A R T T 20 2%

2.5 F7H 5 ALE REIE

N T 3k KR BE T 3 A S R RO AT ) L OE
B, ARFFEERIE T 5 AIE ILLS) A AR b Y
15 R oe R, FRIXAS 5 ARRARE IR R BORE
die 48 S ANEERE AP0 R I E S5 SRR HEIL S, R4S
Rl A AR R, AT DA R 2
BT AE R o R 3R B0 5] o SRR A AR ol St 9 5
ke FIER 10 AR, AU BB, 150 AN HRE b 977
B 99.3%IEBRMIN; FAMIIRDHAZRI 5 DARMEER L
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FH15E

FE Rk B IL(LS), FUBIZERIER . XUy ik
A UGS R R ity A T VRS 47 s 90, ] RS — R A 3L
F 50 S 2 ) T B

F 10 FIASTHEIELER

Table 10 Results of discriminant classification test

it N AN e

) Hl

T
(SC)  (LS) (WY)
#N1(SC) 49 0 1 50
JFILI(LS 0 50 0 50
A . (-5)
ZEP(WY) 0 0 50 50
KA HA % 0 5 0 5
J5 i .
ZJ)1(SC) 100.0 0.0 0.0 100.0
JEili(LS 0.0 100.0 0.0 100.0
Hetil/% ) (-5)
ZEPL(WY) 0.0 0.0 100.0 100.0
RIrHA % 0.0 100.0 0.0 100.0
3 4%

AHFFE R A ICP-MS/MS 45 15 Fii e R & B e
P9 3 ANSR[E= A AA A B 8 25 5, Horps (= b ko
FIEEMg) F- 2 b ferm, 205 = Hh A5 Hr 5 (P) | 45(Ca).
Ei(Mn). 2k(Fe). #Zn) P& &R, MEETE (T
B & mrE 3 BAmhERMA, Hdm)l B hkm, 47
JELRY 7 £ ZRURIG 3 A%, ORI TR A B A A1t
TR S I I D B ) A e Y LS R o0 R
DRFE AR ST AR T ) SR o)1 S 2 T 4 ) 5 o
R 99.3%, & I UFLE R R, KA 4 1A ) 1)
BRI 99.3%, Uil L5 1 e 8 SE A vERT YL 3 47
AT R . A HAEEXT 3 A 25 i)
AR NCHERT TSR, AR AT LAl R Py ot i) A8 ety
RRZm, DR T g b B R i A T E— . (R
SEAIGE T W0 248 A0S B BOR B g vy 1 b s
NG 0 90 MNP S R R SN S 3 S T L b S RO =N
PG A0 142 250 it RELEA) SR P b SR 4 4R — T R

SECHE

(1] TIisc, $8E7R, 20, TIiaaZent . el . e A HLi AL
PR K AHELT]. B AHL, 2021, 52(16): 41-43.
WAN YW, CAI ZD, ZHOU AID. Current situation and measures of
mechanization of tea, Chinese medicinal materials and tropical crops in
Jiangxi Province [J]. Chin South Agric Mach, 2021, 52(16): 41-43.

[2] XUZF, E5. TLFEAET LR R BUR B x5 (). b2 SRk, 2017,
(4): 76-78.
LIU F, WANG Y. Development status and countermeasures of Jiangxi tea
industry [J]. Hortic Seed, 2017, (4): 76-78.

31 KM, ToX, WAL 45 SRS BORAEA T s I R g A 0], B

[10]

[11]

[12]

[14]

[15]

LA RN, 2021, 7(12): 2520-2525.

ZHU P, WAN H, YAO J. Application of fingerprint analysis in tracing the
geographical origin of tea [J]. J Food Saf Qual, 2021, 7(12): 2520-2525.
CAMIN F, PANONE A, BONTEMPO L, et al. The use of IRMS, H NMR
and chemical analysis to characterize Italian and imported Tunisian olive
oils [J]. Food Chem, 2016, 196: 98—105.

ST, Wi, AW, S ST EIUR T AR T 0]
i Tk BHE, 2016, 37(24): 49-52, 57.

XIA LY, GAO W, LI YP, et al. Identification of Ziziphus jujuba origin by
multi-element analysis [J]. Sci Technol Food Ind, 2016, 37(24): 49-52, 57.
GONZALVEZ A, ARMENTA S, GUARDIA M. Trace-element composition
and stable-isotope ratio for discrimination of foods with protected
designation of origin [J]. Trends Anal Chem, 2009, 28(6): 829-834.
SAKRAM G, MACHENER G, DHAKATE R, et al. Assessment of
trace elements in soils around Zaheerabad Town, Medak District, Andhra
Pradesh, India [J]. Environ Earth Sci, 2014, 73(8): 4511-4524.

R, IR ARSI TR AR I st B R B T R 0]
A FEEL T, 2018, 5(3): 70-71, 75.

JIANG ZQ. Research progress on traceability of grain origin produced by
mineral element fingerprint analysis technology [J]. Farm Prod Process,
2018, 5(3): 70-71, 75.

FEUE, AR, LB AF 0PI ERAIRE A R AL AR A e TR
R AR HERELT]. PAZSRRST, 2019, 33(11): 62-72.

QI J, LI YY, JIANG R, et al. Advances in the application of mineral
elements and stable isotopes in geographical origin traceability of meat
products [J]. Meat Res, 2019, 33(11): 62-72.

ST, XURF, T, AE. JCER AT TR s IR D). S Hr
R2FH, 2020, 39(2): 219-226.

LU L, LIU Q, DING B, et al. Origin traceability of cherries by mineral
element analysis [J]. J Instrum Anal, 2020, 39(2): 219-226.

A, AL0H, KRR, AF BT OT R ST U ISR b [T].
1A TR AN AE 4R, 2022, 13(6): 2004-2011.

LI LM, LI HY, ZHENG ZS, et al. Geographical origin traceability of Yali
in Hebei province based on mineral element analysis [J]. J Food Saf Qual,
2022, 13(6): 2004-2011.

BRI, IMERE, SR, 5. SETOBUCRIBSR T I IR ).
HAge 4Rk, 2021, 35(7): 1565-1573.

HE YY, SUN QQ, GUO BL, et al. Traceability of Puerariae thomsonii
Radix (Fenge) geographical origin based on mineral element fingerprint [J]. J
Nucl Agric Sci, 2021, 35(7): 1565-1573.

ffhst, 5, AR, 55 P AE IR SEE AR Y
JUER R MO IR LR T]. a4l 2021, 35(5): 1099-1112.

HE WZ, ZHAO DY, FAN YY, et al. Comparison of the nutrient quality
stable isotope and multi-element characteristics of Xinjiang jujube for
origin traceability [J]. J Nucl Agric Sci, 2021, 35(5): 1099-1112.

I, IR, ML, &F ST YT RISBUMTEORE R E AL TS
R HIEOE). P EEY 5ESR, 2020, 26(7): 17-21.

LAIHQ, XI JL, HE WZ, et al. Classification of soybean origin in northern
China based on mineral element fingerprint analysis technology [J]. Food
Nut Chin, 2020, 26(7): 17-21.

FANE, WREh, Ride, 5 BT ICRIELUN AR H R R R
HAFRIERTIE[T]. fL22A40, 2022, 80: 159-167.

WANG XZ, CHEN Y, WU HL, et al. Study on the origin traceability of



%4

TR, &

FL SR 1 2 TR R IR ST T ) JC 2R 9 TG R I )

193

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Atrctylodes macrocephala Koidz. and its correlation with soil based on

mineral elements [J]. Acta Chim Sin, 2022, 80: 159-167.
AL, WM, W, LT YT e aUE i

D). AR, 2020, 41(16): 300-306.

SHI CH, CAO MP, HU GX. Geographical origin traceability of Songjiang

ARARATTIA ™

rice based on mineral elements fingerprints [J]. Food Sci, 2020, 41(16):
300-306.

L, wate. T EFRITRN LR
5 R T, 2022, 48(6): 46-51.

I RS AR R[], &

JIANG B, HUANG JH. Principal component analysis and geographical
origin traceability of tumorous stem mustard (Brassica juncea var. tumida
Tsen et Lee) base on nutrient elements [J]. Food Ferment Ind, 2022, 48(6):
46-51.

MA GC, ZHANG YB, ZHANG JY, et al. Determining the geographical
origin of Chinese green tea by linear discriminant analysis of trace metals
and rare earth elements: Taking Dongting Bihiochun as an example [J].
Food Control, 2016, 59: 714-720.

ZHANG J, YANG RD, LI YC, et al. Use of mineral multi-elemental
analysis to authenticate geographical origin of different cultivars of tea in
Guizhou, China [J]. J Sci Food Agric, 2020, 100(7): 3046-3055.

WANG F, ZHAO H, YU C, et al. Determination of the geographical origin
of maize (Zea mays L.) using mineral element fingerprints [J]. J Sci Food
Agric, 2020, 100(3): 1294-1300.

Fp, By, BN, S5 SR T Yoe s A T s iR ]
B AL, 2020, 57(1): 69-77.

WANG JJ, FANG F, ZHOU XM, et al. Geographical source traceability of
raisins based on mineral element contents [J]. Xinjiang Agric Sci, 2020,
57(1): 69-77.

MR, KR, 11!61‘?7]( 4F. ICP-MS/MS ELHMEMKH 12 ARk
JRICHE ). PRI ST, 2023, 15(1): 56-60.

YE MQ, ZHANG J, REN YB, et al. Direct determiantion of 12 trace metal
elements in seawater by ICP-MS/MS [J]. Environ Monit Forewarn, 2023,
15(1): 56-60.

S, R, M, % ICP-MS/MS g A h 21 &g G
F). TG 22406, 2023, 39(4): 104-110.

XU ZF, WU YK, ZHOU R, et al. Determination of 2I1metal element in
spirulina tablets by using ICP-MS/MS [J]. J Prev Med Inf, 2023, 39(4):
104-110.

s, S AU RS -ICP-MS/MS I E £ TRl A Bt
PRI AR, 2016, 5(10): 59—66.

XU ZL, WU HY. Determination of selenium in food by using O, as
the reaction gas-triple quadrupole inductively coupled-plasma mass
spectrometry [J]. Mod Sci Instrum, 2016, 5(10): 59-66.

WAL, SRMEHE, SER, 4. ICP-MS/MS FLHIE 4L Bu,05 Tl
HAEE . B RED). P ER IR, 2016, 34(4): 453-459.

[26]

[27]

[28]

[29]

(30]

XU ZL, WU HY, ZHANG ZY, et al. Direct determination of thulium,
arsenic, silicon in high purity Eu,O; by triple quadrupole inductively
coupled-plasma mass spectrometry [J]. J Mater Sci Technol, 2016, 34(4):
453-459.

S, RSt ST RN e R e )]
i pT kAR, 2022, 42(3): 34-45.

WU HY, XU ZL. Provenance traceability of earthworm based on the
principal component analysis and discriminant analysis [J]. Chin J Pharm
Anal, 2022, 42(3): 34-45.

JeE, BMELE, AR A, SF T A TR R B
VPG K224, 2020, 42(6): 1139-1148.

YAN G, LI HJ, HUA ZM, et al. Comprehensive evaluation of quality of

AL

sesame based on principal component analysis [J]. Acta Agric Univ
Jiangxiensis, 2020, 42(6): 1139-1148.

TREEE, TR, INEIL, SF A FEAERE R RO K R FIR S Ay
W), Bin 5 AEE T, 2021, 47(2): 274-278.

ZHANG MQ, XU L, SUN YZ, et al. The evaluation of nutrient
component of rose petals and the principal component analysis from
different varieties [J]. Food Ferment Ind, 2021, 47(2): 274-278.
REIG X5 K, SRR, 45 RO EOR R A
AL A TR EAR, 2020, 11(16): 5477-5484.

XIONG X, LIU JF, CAI ZF, et al. Trace of geographical origin of wine by

TR

principal component analysis [J]. J Food Saf Qual, 2020, 11(16):
5477-5484.
SR, #RVIE, IO, S AT IR TSR BRI ]

LIRS, 2020, 48(3): 209-213.

ZHANG LL, HAN MH, HU HB, et al. Comprehensive evaluation of apple
quality based on principal component analysis [J]. Jiangsu Agric Sci, 2020,
48(3): 209-213.

(UiE%H R F W RER)

(E=TER

Mﬂmﬂm

®ER, it, SRIREW, TERR
7 EATHEMEAR .
E-mail: startly1986@163.com

g. ) BHR, Bt #ERERIEM =
v BEFRAEAISFRUBAR.

- E-mail: 1833277641@qq.com





