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ABSTRACT: Objective To explore the validity and feasibility of multi-element statistics for discriminant analysis
of green tea from different origins in Guizhou Province, and screen the differentiating elements among origins.
Methods The quantitative analysis of 47 kinds of elements in 63 green tea samples collected from 4 tea-producing
counties in Guizhou Province were determined by inductively coupled plasma emission spectrometry (ICP-OES)

and inductively coupled plasma mass spectrometry (ICP-MS). The orthogonal partial least squares discriminant
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analysis (OPLS-DA) were used to develop classification models for the tea samples from different geographic
origins. Results The results indicated that there were obvious differences in the elemental content of green tea from
4 origins. The elemental content of K, P, Ca, Mg, Mn, Al and Fe were in the same pattern, which indicated that the tea
from 4 origins had the consistency in the enrichment ability of some macronutrients in the soil, and the content of the
pollutants Pb, Cu, Cd, As and Cr in 4 origins were lower than the limit requirements of the relevant standards for tea.
The 6 groups of OPLS-DA analytical models based on elemental content could effectively distinguish the origins,
among which the QXN-TR model had the best parameters, which could explain 93.8% of the inter-group differences
with 50.3% of the variables, and the model predictive ability could also reach 89.7%. A total of 20 differential
elements were screened in 6 groups of models, and no common elements were found in the 6 groups of
origin-discriminating models. The contribution of rare earth elements in the discrimination of 4 origins was limited.
Conclusion The overall results suggest that the combination of multielement analysis and statistic model can trace
the geographical origins of green tea samples from different regions in Guizhou Province is feasible, and the overall
differentiation effect is good. The differences in elemental content among green teas of different origins are different.
It provides ideas and research basis for the differentiation of green tea origins in Guizhou Province.

KEY WORDS: green tea; trace elements; origin discrimination; differentiating element; orthogonal partial least
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Table 2 Elemental content in green tea from different producing areas in Guizhou Province (mg/kg)

JLER ¥iE QN QXN TR 7Y

Na 55.5+13.0 51.4+4 2% 61.3+14.0° 42.0£7.0° 59.7+12.0°
Mg 1872+203 2071126 2113£163° 1775+134° 732+66°

Al 3764211 396+200° 360+117° 295+87° 407+269°
P 6540+1058 6058+725° 6928+762% 7148+541° 6331£1270™
K 20377+1661 21698+1111° 20578+1720% 19934+1523° 19960+1650°
Ca 2835+737 2532+537° 3201+773° 2383+571° 2970+746™
Mn 855+323 597+292° 1013+409* 731257 935+249*
Fe 134+50 134+50° 149+102° 129+70° 143+62°
Zn 49.6+9.8 42.6+6.3" 52.7+6.6° 51.546.1% 50.3+12.0™
Li 5.81+3.00 3.34+0.54° 5.15+0.56™ 6.81+0.55° 6.63+4.10°
Be 0.00554+0.00310 0.00323+0.00290° 0.00286+0.00170" 0.00785+0.00280° 0.00665+0.00250°
Tl 0.0217+0.0280 0.0149+0.0069" 0.0409+0.0610° 0.0154+0.0043* 0.0187+0.0051*
Pb 0.324+0.280 0.3110.340° 0.210:£0.160° 0.263+0.086° 0.399:£0.340"
Ti 4.14+1.60 3.68+1.52% 5.12+1.60° 3.10£0.55° 4.31+1.80"
\% 0.0933+0.0630 0.0810+0.1000° 0.1020+0.0600°* 0.0800+0.0270° 0.0996+0.0550°
Cr 0.473+0.230 0.377+0.190° 0.300+0.110° 0.411£0.090" 0.605+0.260°
Co 0.425+0.200 0.218+0.120° 0.456+0.300° 0.473+0.150° 0.473+0.150°
Ni 10.9+4.2 8.8+2.4° 13.7+4.2° 13.1+5.3¢ 9.7+3.3%
Cu 13.8+3.0 12.5+2.0° 17.843.6° 13.4+1.4° 12.7£2.2°
Ga 0.0375+0.0230 0.0310+0.0440° 0.0320+0.0150° 0.0376+0.0130° 0.0422+0.0160°
As 0.0606+0.0300 0.0601=0.0340° 0.0607+0.0250° 0.0551%0.0190° 0.0629+0.0340°
7Se 0.221+0.160 0.199+0.200° 0.276+0.120° 0.156+0.077° 0.232+0.170°
2S¢ 0.122+0.078 0.105+0.085° 0.148+0.056" 0.0963+0.050° 0.127+0.090°
Rb 37.2+12.0 47.5+13.0° 39.9+18.0° 35.2+5.6° 32.8+£7.2°
Sr 5.00+3.20 4.70+3.60° 8.21+3.80° 4.35+1.80° 4.04+2.40°
Mo 0.0197+0.0120 0.0199+0.0110° 0.0113+0.0060° 0.0340+0.0100° 0.0178+0.0110°
Ag 0.00525+0.02500 0.001810.00070° 0.00260+0.00130° 0.02060-:0.06000° 0.00182+0.00073"
Cd 0.0385+0.0190 0.0271+0.0092° 0.0198+0.0058" 0.0457+0.0160° 0.0479+0.0190°
Sn 0.112+0.020 0.119+0.010° 0.112+0.014° 0.0900+0.026" 0.118+0.018°
Sb 0.0175+0.0088 0.0214+0.0120° 0.0151+0.0067° 0.0176+0.0039* 0.0170+0.0095
Ba 10.1£5.1 10.5+8.0° 11.6+5.4 11.8+4.3° 8.74+3.6°

TE: [AAT A ) 3 X 2 2 B T R A B AR T AN [7] 7 BER R 22 Sk .35 (P<0.05)
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M 3 AR, 457 SRR R e R o R
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FVEATH], FIRER R TARA0 . SR RIFREE R 2R,
4 AR M S LT R S AE 0.282~0.475 mgkg Z
[, J&TFSNEEE R IEH SR, G, 4 457
PSR 0 R Sc TuRIMAMITE F BRI ANfAE
PEZER(P>0.05), BB 4 7= Hula AR AS R LU R & i
EZRB/N P ETENSTEUER TR N E, &
15 TR 68.5%~69.7% 22 8], 454 E 1 AlH, & - Higgas
EtrERLoTRSREH TR SRS —5%, K
ZY>TR>QXN>QN. &4 Ash B 1o R &b e
15.1%~27.2%2 [8], Sc JTCR I & 7 FLAE 4.21%~16.2%2 [8],
A LA oo R & i 5 He A iR 1 2= AR
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Table 3 Rare earth elements content in green tea from different producing areas in Guizhou Province (mg/kg)
TLE QN QXN TR VA
La 0.0460+0.0710° 0.0614+0.0350° 0.0765+0.0370° 0.0813+0.0520°
Ce 0.0958+0.1700° 0.0863+0.0500° 0.1370+0.0710° 0.1600+0.0730°
Pr 0.00889+0.01300° 0.01130+0.00520° 0.01140+0.00540° 0.01490+0.01100°
Nd 0.0336+0.0470° 0.0462+0.0210° 0.0411+0.0200° 0.0563+0.0410°
Sm 0.00679+0.00890° 0.00954+0.00370° 0.00787+0.00370° 0.01080+0.00790°
Eu 0.00548+0.00460° 0.00661+0.00180° 0.00729+0.00190° 0.00594+0.00290°
Y 0.03270+0.03100° 0.05550+0.02500° 0.03680+0.01300° 0.05000+0.03100°
Gd 0.00788+0.01000° 0.01170+0.00450° 0.00958+0.00440° 0.01280+0.00840°
Tb 0.000998+0.001200° 0.001470:£0.000560° 0.0012100.000510° 0.001610+0.001200°
Dy 0.00534+0.00570° 0.00790+0.00320° 0.00577+0.00250° 0.00812+0.00560°
Ho 0.000970+0.001000° 0.001480£0.000640° 0.001130:£0.000430° 0.001520+0.001100°
Er 0.00379+0.00320° 0.00490+0.00200° 0.00395+0.00140° 0.00490+0.00310°
Tm 0.000365+0.000380° 0.000559:£0.000280" 0.0004570.000230° 0.0005530.000400°
Yb 0.00243+0.00240° 0.00385+0.00190° 0.0026620.00110° 0.0036120.00260°
Lu 0.000375+0.000350° 0.0005950.0003 10" 0.000438:£0.000240° 0.000495+0.000390°
Sc 0.0306+0.0310 0.0136+0.0140° 0.0663+0.0160° 0.0620+0.0190°
i LorR M 0.282+0.025 0.323+0.027 0.409+0.038 0.475+0.043
05_%%%4 122 4 45 50T 1, 6 4119 R?Y(cum)Fl Q% (cum){li ¥y K F
T B ?L 0.5. B 6 AATBURIERT BT AL MY, S54 4 b
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Fig.1 Rare earth elements content in green tea from different
producing areas in Guizhou Province
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Table 4 Parameters of the OPLS-DA model

el TR FEAEL R’X/cum R*Y/cum 0*/cum P(CV-ANOVA)
QN-QXN(a) 1+1+0 23 0.598 0.884 0.777 1.08¢-005
QN-TR(b) 1+1+0 22 0.622 0.909 0.707 0.00021
QN-ZY(c) 1+1+0 40 0.652 0.737 0.591 1.81e-006
QXN-TR(d) 1+1+0 23 0.503 0.938 0.897 2.09¢-008
QXN-ZY(e) 1+1+0 41 0.473 0.896 0.851 2.93¢-014
TR-ZY(f) 1+1+0 40 0.579 0.670 0.514 3.27¢-005

7: CV-ANOVA H}38 X HHIE (cross validation- anova).

a OPLS-DA: QN-(g)iI\k QN =QXN b, OPLS-DA: QN-TR *QN+TR . OPLS-DA: QN-ZY* QN -ZY
4 //'/ - .QXN\"\\ 4 . 4. oo, Do
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&_2 QXN ;;N.QXN P / Q—z ooN . Q‘72' zv[ zy 7y
-4 \\ // —4 4 Yy zy
-6 —t -6 -6 o
-8 : -8 = -8 S E—
-4 -3 -2 -1 0 1 2 3 -5 4 3 -2-10 1 2 3 4 -4 3 2 -1 0 1 2 3
pl1] rll] pl1]
R2X[1]=0.189  R*X0[1]=0.408 R2X[1]=0.215  RX0[1]=0.406 R2X[1]=0.199  R*Xo[1]=0.453
d OPLS-DA: QXN-TR=QXN-TR e  OPLS-DA: QXN-ZY=QXN-ZY f OPLS-DA: TR-ZY.TR - ZY
4 Y
% mOXN o 4 e 4 “ z vy
RIS 72y zve 2Y ”
=1 ’ o _— = 2] o on oW Al = 2 e e ARy Yy
= 0 QXY ot OX Tn;p‘}a % 0 = oxy - m O QN zv:yzvz.uv Y =50 R4 il b EALAR O
Q] XNEQXYN TR, “I::( moxy "N ZYZ zy TEY S A A% Yoy
) Q ATRa 0.72 Q JI"Y o ) TR 7 Y .
_3 =QXN “ e zy|
_g . —4 Q zy —: VZVZ)/
4 3 2 10 1 2 3 7§3 -2 -1 0 1 2 3 -2 -1 0 1 2
pl1] pl1] pl1]
R?X[1]=0.203 R’Xo[1]=0.3 R2X[11=0.12 R*X0[1]=0.353 R2X[1]=0.109 R2Xo0[1]=0.47
2 Hi 2 A FMSr OPLS-DA 1535
Fig.2 Score plot of OPLS-DA along the two principle components axes
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# 5 OPLS-DA REIR¥ HH*
Table 5 Misclassification classification table of OPLS-DA model

il g FEARL QN QXN TR zY WERG /%
QN 11 10 1 - - 90.91
QN-QXN(a)
QXN 12 0 12 - - 100.00
QN 11 11 - 0 - 100.00
QN-TR(b)
TR 11 0 - 11 - 100.00
QN 11 9 - - 2 81.82
QN-ZY(c)
VA 29 0 - - 29 100.00
QXN 12 - 12 0 - 100.00
QXN-TR(d)
TR 11 - 0 11 - 100.00
QXN 12 - 12 - 0 100.00
QXN-ZY(e)
VA 29 - 0 - 29 100.00
TR 11 - - 10 1 90.91
TR-ZY(f)
VA 29 - - 0 29 100.00
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T e 22 ST A 3 R, Zo0AR i (VIP
()2 AR B (PSS & . BT R P E AT S-plot
O o T gk g 22 S T B R, RIS S
W) ZouAr AR AT A, SR ILE 6.

FH 3% 6 AT, QN il QXN Wiy~ Hi Lt SR AR ] (1) 22 ek
JLZEA Li. Mn. Co. Ni. Cu. Sr#l Mo 7 fItZ; QN
TR 7 Hb[E] (925 S ICEA Li. Be. Sc. Co. Ni, Mo F
Cd 7 FiUc#; QN Al ZY j=Hufa) )22 3 JCE A Be. Sc.
Cr. Mn, Co FlI Cd 6 FICE; QXN I TR 7l [a] Y 22 551t
JLEA Li. Be. Na, Sc. Ti. 7Se., ¥Se. Sr. Mo 1 Cd 10

ML, QXN Fl ZY Febfal iy 2 7 o0& Be, Mg, Sc.
Cr. Cu. Sr. Ag, Cd fll Ce 9 Fflyiz; TR Al ZY Wiy~ Hi[a]
B2 5 0E A Na, P, Ca, Ti. Cr. Mn fll Mo 7 Fii %,
7E QN 1y 3 BRI, Co HILAMERIEILER, QXN Y 3
A Sro A I 22 0K TR 19 3 41 Mo 3t iy 22
SR, ZY B 3 419 Cr LA RMC K. 44
7 HL AL B RIER AR B T — 22 RO R . kR TEIT
REhFELRE TR N E, LA Sc il Ce PIFMFE LICEK,
Hrf Sc AT TERE, S5 onE B ENE
SEEERARE, VLA TR AERT 4 AT B 0 TTEkE
R, T 25 & HAb R T E I 70T

®6 MNAE~HERPHERMTE

Table 6 Differential elements in green tea from different producing areas in Guizhou Province

A P<0.05

VIP>1 ZRYEITTE

Li, Mn, Co. Ni, Cu, "Se. ¥Se. Sr, Y,

Li, Na, P, Ca, Ti, Mn, Co, Ni, Cu,

Li. Be. Sc. Co. Ni, Ga. Mo, Ag. Cd. La,

Li, Mn, Co. Ni, Cu,
Sr. Mo

Mo. Sb., La, Pr, Nd. Sm. Gd. Tb, Dy. Ho.

Er., Tm., Yb, Lu, Pb

Li, Be. Sc. Co. Ni,

Ce. Pr, Nd. Eu, Gd. Tb Mo. Cd

Be. Sc. V. Cr, Mn, Co, Ga, Y. Cd. La,

N-QXN
QN-Q Zn, Sr. Mo, Cd
Li. Be. Na, Mg. P, K. Sc. Co. Ni.
QN-TR
Zn, Rb, Mo, Cd., Sn
NZY Li, Be, Na, Mg, K. Sc. Cr, Mn,
QN- Co. Rb, Cd
XN-TR Li. Be, Na, Mg, Ca., Sc. Ti. Cu,
QXN- 7Se, *Se, Sr. Y. Mo, Cd. Sn
Be. Mg, Sc. Cr. Ni, Cu. Sr. Ag.
QXN-ZY
Cd. Ce
Na, P, Ca, Ti, Cr, Mn, Ni, Mo, Li, Na,
TR-ZY
Sn. Ba

Ce. Pr. Nd. Sm. Gd. Tb. Ho. Dy. Tm,.

Li. Be. Na, Sc. Ti. ”Se. **Se. Sr. Mo, Cd.

Be. Mg. Sc. Cr. Cu, Sr. Mo, Ag. Cd. Ce,

Be. Sc. Cr. Mn, Co,

Cd
Yb

Li. Be. Na. Sc. Ti. ”'Se.

Ce. Pb #2Ge. Sr. Mo, Cd

Be. Mg. Sc. Cr. Cu,

Lu, Pb, Sr. Ag. Cd. Ce

Al, P, Ca, Ti, V, Cr, Mn, Sr, Na, P, Ca. Ti. Cr. Mn,
Mo. Ag. Ba, Eu Mo
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