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Geographical origin discrimination of Huangjincha early

spring green tea by mineral element fingerprinting
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Abstract: [Objective] To realize the geographical discrimination of early spring green tea of Huangjincha from major production areas in
Hunan based on mineral element fingerprinting. [ Methods] A total of 138 early spring green tea samples of Huangjincha from different
regions in Hunan were quantitatively analyzed for 48 mineral elements using inductively coupled plasma mass spectrometry (ICP-MS).
Classification models for different production areas were developed by integrating principal component analysis (PCA), orthogonal partial
least squares-discriminant analysis (OPLS-DA), and Fisher's linear discriminant analysis. [ Results] The PCA score plots and OPLS-DA
models effectively distinguished Huangjincha samples from various production areas in Hunan. A geographical discrimination model was
constructed using Fisher's linear discriminant analysis based on 10 key elements (Ba, Al, B, Sm, K, Ga, Te, Rb, Co, Eu), achieving an
overall prediction accuracy of over 90%. [ Conclusion] Mineral element fingerprinting can be effectively applied to the origin traceability of
Huangjincha from major production areas in Hunan.
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Table I Content of mineral elements in Huangjincha early spring green tea from different geographical origins in Hunan
. it/ (mg-kg )
TLE

BJ(n=50) JS(n=28) GZ(n=15) HY (n=15) SM(n=15) CS(n=15)
Li 2.730+0.201° 2.817+0.108" 2.754+0.051™ 2.744+0.067™ 2.756-0.108™ 2.877+0.076"
Be 0.667-+0.085" 0.6124-0.055 0.661=0.009" 0.67540.020° 0.669=+0.031° 0.658=40.030°
B 6.549+3.870° 4.148+1.116° 3.115+0.216™ 4.284+0.160" 2.41440.103° 3.238+0.133"
Na 65.934421.910° 95.63465.08" 10.840-+3.345° 5.608+1.853° 19.89946.112° 9.80743.097
Mg  17352934:91.660° 1853.9154151.216" 1508.837299.513°  1741.106-97.892°  1560.285-214.937° 1 524.937+22.023°
Al 111.69820.746" 123.541420.043¢ 111.069+13.512 122.781423.769° 181.252410.414° 111.06913.512°
p 5369.928-313.328"  5711.0654-172.815" 4 447.060--383.492° 4 513.9302-384.740° 42 65.851-356.743" 3 796.4574-289.867°
13°900.0184-894.981° 15 169.750-=877.045" 13 552.7414-846.424° 13 335.910=-620.204" 14 680.846+2 125.306" 11 579.6264-705.216°

Ca 1996.0294-333.528° 2 178.715£173.666° 2 067.2024-179.640° 1577.2494179.172° 1582.453+288.478° 1 526.6024184.597°
Ti 240740575 2.188+0.601 245140345 215140283 4.09341.807" 224540295
v 0.574+0.162° 0.460-40.029° 0.744+0.087° 0.59640.176* 1.04840.095" 0.65440.153"
Cr 0.550+0.187° 0.70141.599" 1.06240.318" 0.70440.163* 0.7120.132* 0.70540.076"
Mn 508.0874-222.097° 6145012104.505"  653.445192437%  471.9474101.354°  301.114136.105° 344.2424141.307°
Fe 143.397441.201" 154.813452.262% 128.273421.602° 143326246578  176.2154-40.634" 166.01225.475
Co 0.610=0.182° 0.6004-0.174* 0.49070.155" 0.37824-0.202° 0.365740.152° 0.56474-0.148"
Ni 15.489+3.121° 13.49346.063" 14.433+4417" 13.075+3.012° 13.488+3.698" 7.429+2.041°
Cu 1161641287 9.848+0.543¢ 10.726+0.541° 10.699+0.907* 14.675+3.086" 15.501+0.955"
Zn 46.294+1.973% 4744342937 44.689+4.423 51.563+3.090° 49.254+9.144™ 51.659+1971°
Ga 0.055+0.014" 0.03440.025 0.06140.012° 0.04840.006" 0.04740.011* 0.04040.012%
As 0.04240.031* 0.0460.024" 0.028=40.010° 0.03140.014" 0.02740.012° 0.0214-0.003¢
Se 031320.138" 0.2164-0.062° 0.21924-0.068° 0.51824-0.182" 0.22020.156° 0.172420.030°
Rb 25.6794-5.531° 30.606412.347 24.2494-4.491° 5839549237 51.9454-15.037° 62.5234-22.550°
Sr 3.81541.029° 3.930+1.306° 3.04840.389 1.49040.113¢ 3.434+1379" 2.72540.391°
Y 0.045+0.021° 0.03440.017° 0.036+0.009" 0.03140.009° 0.067+0.016" 0.03740.008"
Mo 0.679+0.153" 0.88940.601° 0.62140.150° 0.74540.161° 0.599=+0.070 0.64540.062"
Rh 0.000+0.001° 0.00640.016" 0.000==0.000° 0.000=0.000" 0.000=0.000 0.000=0.000"
cd 0.02540.010° 0.0404-0.012° 0.01820.002° 0.0184-0.003¢ 0.01720.004° 0.0184-0.003¢
Sn 0.10420.037° 0.1234-0.028" 0.076220.035¢ 0.08224-0.030° 0.07470.024° 0.0834-0.015°
Sb 0.043+0.024° 0.044+0.008" 0.027+0.019 0.200+0.237" 0.068+0.030° 0.051+0.015
Te 0.0124-0.008" 0.0030.007° 0.002+0.002° 0.004-0.004" 0.013+0.006 0.003+0.001°
Cs 0.047+0.014 0.02240.005° 0.03140.007 0.13340.010 0.1120.052° 0.20440.045
La 0.057+0.021* 0.06440.042" 0.063+0.011" 0.05140.007" 0.07140.010° 0.06740.016"
Ce 0.11720.038" 0.12840.086" 0.10940.012° 0.13140.031° 0.14140.014 0.11140.025
Pr 0.011220.006" 0.01040.003¢ 0.01120.002" 0.00974-0.002° 0.01540.002° 0.0134-0.004"
Ba 11.45023.600° 6.79273.492° 9.44040.696" 454740747 7.34742310° 6.5684-1.766"
Nd 0.0410.021* 0.0364-0.018° 0.036=0.003¢ 0.03324-0.006° 0.056=0.006" 0.04740.014*
Sm 0.009=0.005" 0.0034-0.004° 0.00740.002 0.006-0.002° 0.01040.002° 0.00740.002°
Eu 0.006=+0.004" 0.00540.004" 0.003+0.001" 0.00240.001° 0.004+0.001™ 0.00340.001°
Gd 0.009=0.006" 0.00740.004° 0.0070.002" 0.00740.002° 0.01240.002° 0.0070.002"
Tb 0.003+0.005° 0.003-0.004* 0.001-0.000° 0.001-0.000 0.002-+0.000" 0.001-£0.000
Dy 0.006-+0.005° 0.004-0.002" 0.004+0.001° 0.004-0.001° 0.008+0.002° 0.004-0.001°
Ho 0.003+0.004° 0.001-£0.000 0.001-+0.000° 0.001-0.000° 0.002+0.001° 0.001-0.000
Er 0.01470.003" 0.008-0.005 0.012240.002° 0.01240.001° 0.014=0.002° 0.01224-0.002°
Tm 0.00240.002° 0.00140.001° 0.000==0.000° 0.000=40.000* 0.0010.000* 0.00040.000°
Yb 0.004+0.004 0.00240.001° 0.002+0.001° 0.00240.001 0.004+0.002° 0.00240.001
Lu 0.002+0.002° 0.00240.001° 0.000=0.000" 0.000=0.000" 0.001+0.001° 0.000=0.000"
Tl 0.009=0.005 0.01540.003 0.020+0.011° 0.01240.007 0.010=0.006* 0.0140.004"
Pb 0.22140.078° 0.11320.036" 0.26340.016" 0.26540.021° 0.308=0.049° 0.324740.028"

T BTN KR 25 5 W (P<<0.05) .
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Table 2 Eigenvalues and contribution rates to variance of
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Wiy FHIEE DI/ %  RBSTR R/ %
1 7.498 22.720 22.720
2 4.534 13.739 36.459
3 2.840 8.605 45.064
4 2.297 6.961 52.025
5 2.238 6.782 58.807
6 1.714 5.195 64.002
7 1.538 4.662 68.663
8 1.482 4.492 73.155
9 1.110 3.363 76.519

10 1.062 3.217 79.736
11 1.005 3.047 82.782
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Figure 1 PCA score plots of Huangjin green tea samples
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