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Abstract: In order to establish prediction model for identifying the different regions of Pu-erh tea origin, it is demanded to determine the
geographical origin of tea. Contents of fourteen trace elements (Mn, Fe, Li, Be, Ti, Co, Ni, Mo, Cu, Zn, Pb, Cr, Cd, As, Se), and sixteen rare
carth elements (La, Ce, Pr, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Nd\ Sc, Y) in tea and soil samples from three major producing Pu-erh tea
regions including Xi-shuangbanna, Pu-er and Lincan City, were analyzed by inductively coupled plasma mass spectrometry (ICP-MS). The
multivariate statistical methods such as variation analysis, correlation analysis, principle component analysis (PCA) and discriminant analysis
were used for data analysis. The research showed that the mineral element fingerprints had distinct geographical features. The method of PCA
could be used to classify the geographical origin of tea from different origins but with a cross in the scatter plot. Furthermore, five key variables
(Lay Cey Prv Sm and Se) were identified by stepwise discriminant analysis to develop the discriminant models by which 94.6% correct
classification and 89.3% cross validation were achieved. The trace elements and rare earth elements of Pu-erh tea are affected by soil, which can
form their own fingerprint characteristics in their habitats and regions and can be used to identify the origin of Pu-erh tea.
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Table 2 Content of mineral elements in Pu-erh tea and Sun-dried green tea

= TG AR L =37 SRR LA FiSi: 8 &%

Mn 700.99+17434"  639.70£189.69°  693.26+115.57° 717.85£128.64°  721.94+127.00°  700.26+139.82°
Fe 251.10£66.35° 247.26+74.73° 202.91+68.40° 232.714+52.51° 217.84+61.19° 196.84+76.29°
Zn 36.1+1.89" 39.73+1.72° 41.34+6.39° 36.03+3.87 39.22+6.72° 35.97+1.86"
Cu 15.67+0.59° 18.60+3.24™ 17.29+1.52° 15.9142.15° 15.92+1.45° 14.78+1.02°
Ni 5.02+0.43° 8.14+0.75 6.21£0.37° 4.63+0.85° 6.25+2.38 6.9+1.56
Pb 0.79+0.77* 0.98+0.32° 1.74+0.29° 0.89+0.95 1.17£0.71% 1.80+0.77°
Cr 0.60+0.62" 1.37+0.72% 1.11+0.28° 1.13+1.01° 0.83+0.26" 0.70+0.27*
Co 0.20:£0.08" 0.18+0.04° 0.17+0.08" 0.18+0.09° 0.21£0.09" 0.19+0.12°
Li 0.13+0.03° 0.15+0.03° 0.18+0.01° 0.12+0.03° 0.180.04° 0.19+0.02°
Se 0.08+0.01* 0.09+0.03° 0.12+0.02° 0.09+0.02% 0.07£0.04* 0.09+0.04°
cd 0.05+0.05 0.070.02° 0.08+0.02° 0.06+0.05" 0.05+0.01° 0.1540.15%
Mo 0.05+0.01* 0.02+0.01° 0.03£0.01° 0.060.02° 0.03+0.01* 0.03+0.02°
As 0.09::0.006" 0.08+0.03 0.10+0.07* 0.06+0.005 0.12+0.12° 0.11+0.02°
Be 0.010.01° 0.01+0.01° 0.03+0.01° 0.02+0.01° 0.02+0.01° 0.03+0.01°

i Bl ATV AREAR B FE G L E WA AUA A T4 Duncan RS RE) &~ R 6 S8 54 R LB R ARZ M RAELEREM £ 57

(p>0.05).
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Table 3 Content of the rare earth elements in Pu-erh tea and Sun-dried green tea

_ LHRME LHRA R
R 7 SRR LA SEH %58 SRR .54 1% 7%

La 0.18+0.13° 0.25+0.15° 0.57+0.11° 0.22+0.08" 0.15+0.06" 0.26+0.06
Ce 0.21+0.06" 0.37+0.19° 0.84+0.15° 0.27+0.09* 0.25+0.12° 0.44+0.11°
Pr 0.03+0.02° 0.05+0.03* 0.11:£0.02° 0.04£0.01° 0.03£0.01° 0.05+0.01°
Nd 0.11+0.05° 0.17+0.10° 0.39+0.08" 0.13+0.05° 0.11£0.04* 0.20£0.04°
Sm 0.02+0.01* 0.03+0.02° 0.08+0.02° 0.03+0.01* 0.02+0.01® 0.04+0.01°
Eu 0.02+0.01° 0.02+0.01° 0.03£0.005" 0.03+0.01° 0.01£0.004° 0.02::0.003*
Gd 0.02+0.01* 0.04+0.02° 0.08+0.02° 0.03+0.01* 0.03£0.01% 0.04+0.01°
Tb 0.00320.001° 0.006:0.004° 0.0120.002° 0.0040.001° 0.003+0.001 0.005+0.001°
Dy 0.02+0.01* 0.03+0.02° 0.06£0.01° 0.030.005" 0.02+0.01® 0.03+0.01°
Ho 0.003+0.002° 0.0060.003" 0.01::0.002° 0.005+0.001° 0.003+0.001° 0.005+0.002°
Er 0.01+0.007* 0.02+0.01° 0.03£0.01° 0.02+0.004° 0.01£0.005" 0.02+0.005°
Tm 0.002+0.001° 0.0020.001° 0.005+0.001° 0.003+0.001° 0.0010.001° 0.0020.001%°
Yb 0.01£0.01° 0.02+0.01° 0.03£0.007° 0.02+0.005° 0.009+0.006" 0.01£0.005
Lu 0.002+0.002° 0.003+0.002° 0.005+0.001° 0.003+0.001° 0.0020.001° 0.0020.001%°
Sc 0.19+0.09" 0.27+0.08" 0.33+0.06" 0.23+0.06" 0.25+0.06" 0.27+0.07*
Y 0.10+0.08" 0.19+0.11° 0.36+0.08° 0.16+0.03° 0.11+0.05° 0.17+0.06°

i Bl ATV AREA B 2 E G L E WA AUAE T4 Duncan NG LH R A R BB R AR AERE FRIRRELEDEM 25

(p>0.05).
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Table 4 Elemental concentrations in soil samples from three

regions
v & & R 75 3R LA
La 17.77£7.77° 27.64+5.46 31.84+12.04°
Ce 42.83+20.34° 94.82+11.19° 89.09::24.07°
Pr 431+1.82° 6.66+1.11° 7.46+2.81°
Nd 16.13+6.42° 24.81+3.84° 27.88+10.27°
Sm 3.20£1.13° 4.87+0.62° 5.36+1.99°
Eu 0.63+0.22° 0.72+0.14% 0.930.35°
Gd 2.85+0.91° 4.57+0.59° 4.98+1.84°
Tb 0.36+0.10° 0.60-+0.09° 0.63+0.23°
Dy 1.66+0.45° 3.13+0.47° 2.99+1.08°
Ho 0.24+0.05° 0.52+0.09° 0.46+0.16
Er 0.660.17° 1.51£0.28" 1.30+0.46"
Tm 0.08+0.02° 0.20+0.04° 0.17+0.06
Yb 0.47+0.14° 1.27+0.23° 1.04+0.38°
Lu 0.060.02° 0.18+0.03° 0.15+0.05
Sc 9.34+4.74° 12.19+1.56™ 13.46+3.79°
Y 6.46+1.05° 14.1743.19° 12.20+4.80°
Fe  3844.69+514.61° 4192.86+354.55®  4533.92+346.80°
Mn  75548+320.56°  653.69+41.35" 637.38+44.50°
Cr 83.65+29.49" 91.19+17.05% 104.03+16.21°
Zn 60.89+12.57° 74.96+24 35" 72.56+12.24°
Cu 29.20225° 25.40+8.63" 32.56+6.52°
As 29.94+18.86° 11.79+10.95" 6.78+2.25"
Li 26.71+6.33" 24.58+3 36" 25.49+6.33"
Ni 24.9348.30° 36.45+12.68" 29.20£10.64°
Pb 20.68+9.51° 27.22+4.17° 24.24+2.69°
Co 14.43+3.12° 15.96+4.05° 14.16+3.04°
Be 10.45+5.08° 10.71£3.97 11.12+3.28"
Mo 2.75+0.59° 3.12+1.04° 3.14+0.85
Se 0.65+0.17° 1.12+0.17° 1.3740.27¢
cd 0.11£0.07* 0.10+0.06" 0.07+0.02°

E: B —ATPAREAR F AT AL AEMELATZ Duncan
HME TR EFRFREEGLELCEAHAEDENE 7
(p>0.05).
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Fig.1 Scatter plot of PC1, PC2 and PC3
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Table 5 Classification with discriminant analsis of Pu-erh tea samples from different regions
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o

B IR 2 SEH & & Bk
T SRR LA 15 1 0 16
FTN T % H &g 0 20 0 20
& & 0 2 18 20

% 93.33 100.0 90.0 94.6
T SRR LA 12 4 0 16
. %8 L 2 15 3 20

R XEE

o 0 7 13 20

% 75.0 75.0 65.0 71.4

* 6 WERFTRIFHERER R HERME

Table 6 The eigenvenctors and cumulative contribution of Pu-erh tea elements of the principal components

PC1 PC2 PC3 PC4 PC5 PCo6
Y 0.987 -0.042 -0.008 -0.068 0.006 -0.047
Gd 0.984 0.01 -0.068 -0.026 0.023 0.01
Dy 0.984 0.011 -0.004 -0.095 -0.022 0.011
Pr 0.984 0.014 0.017 0.017 -0.044 -0.002
Nd 0.984 0.029 0.015 -0.03 -0.034 0.018
Sm 0.982 0.059 -0.011 -0.009 -0.047 0.016
Er 0.98 -0.052 0.04 -0.099 -0.008 -0.036
Tb 0.979 0.028 -0.038 -0.06 0.002 0.013
Ho 0.979 -0.008 0.008 -0.096 0.004 -0.048
La 0.972 -0.014 0.003 0.078 -0.062 -0.028
Yb 0.954 -0.151 0.046 -0.115 0.053 -0.061
Tm 0.951 -0.084 0.026 -0.161 0.002 -0.013
Lu 0.935 -0.103 0.028 -0.075 0.085 -0.08
Ce 0.93 0.195 0.027 0.008 0.071 0.033
Eu 0.733 -0.445 -0.101 0.131 -0.022 -0.156
Sc 0.663 0.097 -0.121 0.237 0.139 -0.084
Se 0.636 -0.144 -0.046 0.156 -0.116 0.145
As 0.106 -0.013 -0.286 0.032 0.712 -0.079
Li 0.249 0.549 -0.476 0.013 -0.055 -0.019
Mo -0.085 -0.547 0.38 0.398 -0.281 0.023
Ni -0.153 0.529 -0.52 0.19 -0.053 0.024
Cd 0.089 0.429 0.706 0.099 0.184 0.072
Pb 0.329 0.418 0.697 0.128 0.076 0.058
Mn -0.067 -0.151 0.404 0.004 0.208 -0.722
Cr 0.397 -0.203 -0.301 0.652 0.097 -0.078
Co -0.094 0.062 0.228 0.409 0.637 0.07
Cu 0.072 0.3 0.562 0.297 0.036 -0.112
Be 0.111 0.268 0.371 0.433 -0.496 0.237
Zn 0.083 0.304 0.72 0.2 -0.079 -0.26
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EER
Fe -0.056 -0.293 0.579 0.18 0.064 -0.351
7 ETEREY% 50.720 8.177 7.110 5.362 4251 4202
R sk /% 50.720 58.897 66.006 71.369 75.620 79.822

232 EER W RAFATE 6932 A5 o

i

N2 TR 23 Flocgh R aEn UEN
EVHA = HEFEdR. %F Scv Y. La. Ce. Pr. Sm.
Eu. Gd. Tb. Dy. Ho. Er. Tm. Yb. Lu. Nd. Ni.
Cu. Zn. Se. Fe. Mn M1 Li 23 FlocE T804 5]
GIAT, TR HORT I A AL AR, SIBRAN L EL )
THAT R, B HIRIAL, Z5HIRIHT (Stepwise
Discriminant Analysis, SDA) & ESeiHH—Fh L
B T BRI R R La. Cev Prv Sm
F1 Se 5 FhoCE S fa e BI N BN, H R E 2
DX A A

Y 4 XA 4 =-42.43X,-15.0Xc-50.36Xp,-84.76
Xsm84.96X5.-28.95

Y ¥ H =-57.46X1:+10.11Xcet94.1Xp-38.13X g+
86.98Xs.-8.68

Y If5ifr=-48.75X1,+42.12 Xce-37.25 Xp-0.91X gt
78.82X.-18.29

FIF I H IR S 7328, e & —10 %
FE AT [EARS IR A SRS A4, R RAS S R0 2
94.6%, A& XAGHIRAIFR 89.3% (F 7). ME5RE H5HE
T 30 Pl o F AR A M R 45 SRAR LU,
WILE R ZARE, R XATIS R Z H 71.4%38 5
FT7 89.3%, #*#: AILLK La. Cev Prv Nd. Sm Al
Se 5 FTERAFAEER = KA FEFR. X —45 5%
Yil: La. Ce. Pr. Nd. Sm Al Se 5 fyc &2 X HIA

[F) 7= M B A I RFIE G 2R
#27 FRIMXEERHMIRADHER
Table 7 Classification with discriminant analsis of Pu-erh tea

samples from different regions

%
o

P o S

$ #
L TR 15 1 0 16

%4 #® ED
5 : 7 0 20 0 20
ol I 36 0 2 18 20
% 93.33 100.0 90.0 946
“ T SRR 15 1 0 16
2L : £ 2 16 2 20
IN4E 38 1 3 16 20
% 93.8 80.0 800 89.3
233 LHZA LR T R LE 694D KT

ANTH#H—2Tf# Las Ce. Pr. Nd. Sm Fl Se 5 F
T2 BB A B A D VE 25 7 b RS 2R ()RR AL T
Fo AT T AR SR, Gt EEF RS
FHAT Pearson FHR M, AR UIEE 8 PR,

La. Ce. Pr. Nd. Sm il Se 5 FlycZ # EIIEAH
Kbk, Hrh Ce RN ZIL T HEZH M (p<0.01),
GhiE F A FNIE S PRI ATEE R, REFIX 5 FPoT R
Y& E SN EE 2 = AR A P RFIE G R, Ui Tk
By G EO R R UG R S RN, IR
HR A R E R FESRIE, RAME RN
Py g VL5 L R AR R At A2 AT AT

*8 ZAFFXEERSHEPRETRTAIEMELSN
Table 8 Pearson correlation coefficients between teas and soil samples from three regions

E LN i % b
AREEE AR5 AREEE ARHLR AREEE ARHLR
Fe 0.54 0.34 0.12 0.11 0.49 0.10
Mn 0.07 0.18 0.10 0.18 0.21 0.15
Cr -0.05 -0.20 -0.84 -0.73 -0.33 -0.87
Zn 0.34 0.16 0.53 0.14 0.41 0.32
Cu 0.02 0.48 0.15 0.50 0.12 0.28
As -0.19 -0.77 -0.58 -0.54 -0.14 -0.32
Li 0.18 0.28 0.28 0.10 0.32 0.005
Ni 0.87 0.69 0.42 0.84 0.38 0.30
Pb -0.18 -0.40 -0.36 -0.45 -0.44 -0.22
Co -0.04 -0.02 -0.11 -0.05 -0.66 -0.27
BTR
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LR
Be 023 0.52 -0.04 0.32 -0.09 0.64
Mo -0.49 -0.03 -0.24 -0.47 -0.84 -0.13
Se 0.20% 0.10% 0.16* 0.21% 0.36* 0.05*
cd -0.07 029 -0.77* -0.52 -0.38 -0.46
La 0.56* 0.63* 0.54%* 0.66* 0.29 0.72%*
Ce 0.52% 0.93%* 0.58% 0.88* 0.23* 0.32%
Pr 0.26 0.66* 0.52% 0.65% 027 0.61*
Sm 0.41% 0.70%* 0.44%* 0.59% 0.12 0.46*
Eu 0.71%* 0.71%* 0.30 0.37 031 0.53*
Gd 0.22 0.65 0.59 0.76 0.05 0.47
Tb 0.19 0.48 0.59 0.80 0.13 0.33
Dy 0.39 0.58 0.43 0.83 0.15 0.18
Ho 0.41 0.57 0.37 0.87 0.07 0.24
Er 0.32 0.58 0.41 0.90 0.01 0.26
Tm 0.45 0.42 0.88* 0.30 0.15 0.01
Yb 0.47 0.44 0.34 0.87 0.09 0.15
Lu 0.47 0.65 0.20 0.93 0.10 0.20
Nd 0.26 0.81 0.62 0.67 0.16 0.53
Sc 0.03 0.13 0.65 0.74 0.50 0.56
Y 0.22 0.53 0.36 0.83 0.17 0.40
E: ARTUESEAAGRAMEBEAL (p<0.05);, *ERFAELEELLARIZAX (p<0.01).
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