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ABSTRACT: Objective To detect and analyze the content of mineral elements in wines of different varieties and
years from the Helan Mountain East Slope region, and construct a model for identifying wine varieties and years
based on mineral elements using multivariate statistical analysis methods. Methods Grapes of 5 varieties, namely,
Zinfandel, Merlot, Malbec, Cabernet Sauvignon and Marselan, were collected from a winery in Qingtongxia,
Ningxia, and were processed into wines using the same method. Wines of the Cabernet Sauvignon variety from 6
years (2018—2023) were collected from a winery in Yongning, Ningxia. The content of 54 kinds of mineral elements
including B, Bi, Be, efc. in the wines was determined by inductively coupled plasma mass spectrometry. A model for
identifying wine varieties and years was constructed based on the differences in mineral element content among
different varieties and years of wines. Results A total of 53 mineral elements were detected in wines of different
varieties, and 47 kinds of mineral elements including As and B showed extremely significant differences among
varieties (P<0.01). All 54 kinds of mineral elements were detected in wines of different years, and all showed
extremely significant differences among years (P<0.01). The correct discrimination rate of the model for identifying
wine varieties and years based on Fisher discriminant analysis was 100%. The 9 kinds of mineral elements, namely,
As, Cs, Dy, Mo, Na, Sb, U, Yb and Fe, were identified as the differential elements for different varieties of wines, and
11 kinds of mineral elements, namely, Cu, Li, Na, Sb, Tl, U, V, Y, Yb, Ag and Pt, were identified as the differential
elements for wines of the same variety from different years. The correct discrimination of wines from the same origin
but of different varieties and years was achieved based on mineral elements. Conclusion Mineral elements show
significant differences among wines of different varieties and years, and can be used for the identification of wine
varieties and years from the same region.

KEY WORDS: mineral elements; wine; variety; year; identification
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_ able 1 Mineral element content in different varieties of wine
TR E PN E3 1 /i
R LRI IRE 1% o
Al 11.80+0.34° 9 870.56° 145+ 1.08° = Lp = P
P 124.62+6.30° 179.38+10.83* 121 8557 86° 9'57i0'66d LL03046 0.000
Ca 98.11+9.47° 103.44+7 85° ot 93.2548.75 75.56+5.02° 0.000
Ve ST DA 6702450 99.66110.2;1 112.276.78" 0.143
Mn 035720 08" s 5047 118.8148.15 142.50+6.85° 0.000
. .84+0.06 0.48+0.03° 0.60+0.05° b
Na 1.2440.12° 37940 32° | 7450.09° o 0.62+0.04 0.000
Fe 1.13+0.12° 0.84:£0.08° 053:0.05° ey lb 1.81:0.12 0.000
Cu 0.042:£0.004° 0.022+0.001° 03320 S 0.75+0.06" 0.000
. .001 0.033+0.001* 0.046+0.003°
B 5.20+0.33° 04240 35° 0 ROT0 8T : 2 0.059+0.005" 0.000
As 0.030£0.002° 0.0110.001° 0.00920.0027 79240.28 13.39+0.82" 0.000
Cd* 0.000.00° 0.00£0.00° 0.00£0.00° 0.0820.001 0.022:0.002" 0.000
Cr* 0.58+0.61° 1.9020.36° Slead 0.002+0.002° 0.00£0.00 0.005
* 90£0. 0.64+0.30° 5.90+3.60° D :
Hg 0.004+0.000 0.020+£0.022° 5.00920 002" 04500 1.80+0.18 0.000
Ni* 3424021° 5012030° 6 0550 '690 0.030:t0.01b0 0.093+0.039* 0.000
Pb* 18.23=1.81° 4322020° RTINS 9.7220.91 12.02£1.51° 0.000
Ba 0.089-0.006" 0.08220.006" 0.056£0.005° SR 6.2120.41° 0.000
Ce* 0.13+0.09° 0.2120.10° : ' 0.025+0.003 0.0590.006° 0.000
* 21£0. 0.00+0.00° 0.00+0.00° : '
Co 0.74+0.10° 1.0020.07° 0.2720.06° : = 0.00+0.00 0.000
Cs* 0.48+0.06° 6.8120.31° 19120.10° T L3040.14 0.000
Dy* 0.090.03 0.070.04° 0.0910.021) 2212021 0.10+0.09° 0.000
Eu* 0.070+0.013" 0.05920.006° - 0.14+0.01 0.12:0.03* 0.000
. .006 0.0430.030" 0.038+0.075¢
Gd* 0.17£0.04° 0.10£0.02° 5.1020.00° : : . 0.082+0.007* 0.000
Ho* 0.019+0.008° 0.02520.006" — 0.11+0.04 0.09+0.02° 0.008
_ : 025+0.006 0.008£0.006° 0.031£0.013® a
Li 0.01420.001° 0.05120.003 0.03520.0037 — 0.033+0.006 0.000
Lu* 0.018+0.003 0.01 b ' ' 0.079+0.002" 0.066+0.005" 0.000
. -019+0.000 0.01620.002™ 0.013+0.005°
Mo* 34020 23" 01520.03° o 1e : : 0.028+0.002° 0.000
Nb* 0.47+0.03° 0.18+0.03° 0.3410'081) 2'8(&0'10: 4312037 0.000
Nd* 0.380.29° 03 ® — 0.36+0.06 0.49:0.08° 0.000
. .30+0.03 0.10+0.07° 0.12+0.07° b
Pr* 0.17+0.02* 0.11£0.02° 0.08+0.02° T20.02° 0212011 0.017
Rb 0.38+0.03¢ 0.8620.04° 2007 0.1 1i0-02b 0.09+0.02° 0.000
o ooy L D300 0.45+0.05 0.33+0.02° 0,000
Sc* 0.99:0.08" 0.80£0.24" S 1.140.07° 2.142021° 0.000
, 800. 1.43£1.10° 0.39+0.27" b :
Se 2.61+0.20%° 2.9340.25° 3.0600.15° - - - 0.30+0.33 0.100
Sm* 0.0820.05% YT O.OSio.Olb 2.3340.32 . 2.61+0.38% 0.030
Sn* 1.43£0.13° 1.42+0.07° 1.52£0.10° 0.07:0.01" 0.12+0.04° 0.100
Sr 2.10£0.14° 1.6920.15° 1.55£0.08° 1404045 1.73£0.16 0.157
Tb* 0.014+0.004° 0.02820.012° —— 1.66+0.11° 1.8620.16" 0.000
- : 012 0.025+0.006° 0.031+0.003°
Ti 03620.02° D 3250.10° ool : 003 0.050+0.008" 0.000
Th* 0.20£0.09° 0.08%0.02° 0.0520.01° 0.31+0.02 0.23+0.03° 0.000
Ti* 0.2120.02° 0.20+0.02° 0.1820.04° 0.070.01° 0.26+0.02° 0.000
Tm* 0.020+0.003" 0.020£0.003" 0.01620.008" 0.1420.05°_ 0.45::0.06" 0.000
U 0.1420.013° 0515008 o0 0.023£0.003 0.0390.004° 0.000
v 0.025+0.001° 0.02620.002° 1320 000 0.2240.05 : 0.00+0.00° 0.000
Y* 0.69+0.15° 0.64+0.06" 0.5520.09° 0.02720.999 0.011+0.003" 0.000
Yb* 0.078+0.005° 0.12+0.01° 0 62210.01 0.8220.07 0.50+0.05° 0.000
Ag* 0.20:£0.02° 022 a ' : 0.14=0.04" 0.073+0.010° 0.000
. ' 222001 0.17+0.00° 0.22£0.00° )
Ta 0.080+0.025" 0.067£0.012° —— 021+0.01 0.001
: 012 0.074+0.007" 0.090:£0.004°
Pt 0.23+0.01° 0.43+0.09° 0.2040.023° ' ' 0132000 0.000
W 1.22+0.22° 1.1340.24° 1.2320.04° 0202094 0.29+0.02° 0.000
He* 0.03320.026" 0.000-0.000° 0.000£0.000° 1.60+0.12_ 2.33+0.22° 0.000
Pd* 0.23+0.06" 0.11+0.04" 0.0820.04° 0.00220.092 0.0120.006" 0.000
G o0 1e 01004 0.08:0.04 0.0840.03" 0.1120.01° 0000
Zr* 0.9420.40" 0.000.00" 0.0020.00° T 0.28:0.04 0.000
-00£0. 0.00£0.00 0.00+0.00° 0.000
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Table 2 Classification function coefficients based on mineral elements

o B
g ERKR R RIS Bk e
As 15376.081 6125.754 9623.569 4055.748 25931.711
Cs 67605.130 439070.059 110905.461 142626.153 137635.529
Dy 74809.502 870839.869 —263585.592 1816325.084 775259.410
Mo 218489.840 202103.938 65861.389 236925.906 289393.590
Na —297.856 165.868 125.597 -214.697 119.621
Sb 579886.672 97302.978 119433.131 130246.911 101149.528
U 1647492.287 2023525.383 —422882.740 2476681.967 107204.116
Yb 1383223.071 641779.855 —1248017.104 2906462.701 —23079.620
Fe 1881.527 245.629 343.946 637.727 348.031
() —4832.407 —2623.402 —447.859 -1350.225 -1371.017
35 #3 ETVYRENTERIMEEER Fisher #I5] 3H45R
A Table 3 Results of Fisher discriminant analysis based on mineral
k%$ fFi I . .
elements for different wine varieties
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Fig 1 Scatter plot of different wine samples based on mineral FIRR /%

element content




210 b A T A A %16 %5
R4 TEFERBERFEREGEEPTYTESE
Table 4 Content of mineral elements in Cabernet Sauvignon wines from different years
JLE 2018 4 2019 4F 2020 4 2021 4 2022 4 2023 4E P
Al 10.15+0.81° 9.77+0.43* 6.79+0.48° 10.45+1.00° 9.54+0.60° 8.03+0.40° 0.000
P 207.2419.8° 244.8+21.3° 239.2+12.4° 416.8+38.2° 377.6+7.6* 289.6+20.3 0.000
Ca 87.1146.97 102.24+8.85° 90.79+4.80° 135.53+8.24° 118.29+7.20° 132.89+4.60° 0.000
Mg 258.18+2.58° 256.36+2.56° 266.36+12.21° 464.55+52.76 410.91429.63° 366.36+28.61° 0.000
Mn 4.78+0.22° 4.40+0.16™ 3.72+0.32¢ 5.30+0.42° 4.35+0.26* 4.06+0.18% 0.000
Na 16.15+1.12° 48.00+1.27* 18.31£0.37° 17.10+1.53° 8.04+0.81¢ 40.25+3.19° 0.000
Fe 8.33+0.87% 8.16+0.67% 6.67+0.83° 7.46+0.52° 9.34+0.49" 8.16+0.36™ 0.006
Zn 0.62+0.13° 0.920.06° 0.520.04° 0.49:£0.03¢ 0.52+0.05° 0.36+0.02¢ 0.000
Cu 0.20+0.01° 0.14+0.01¢ 0.53+0.03" 0.13+0.01¢ 0.73+0.06" 0.08+0.00° 0.000
B 9.41+0.47° 11.40+1.42° 10.44+0.64° 25.07+1.57° 20.15+1.92° 19.12+0.76° 0.000
As* 4.70+0.37° 6.91+0.25° 6.50£0.30° 7.20+0.47° 5.71+0.30° 3.83+0.15¢ 0.000
Cd* 0.0060.000° 0.030+0.003" 0.023+0.002° 0.020+0.002° 0.040+0.004* 0.018+0.001° 0.000
Cr 0.046+0.004° 0.053+0.004 0.050+0.003" 0.057+0.006% 0.043+0.003° 0.047+0.002 0.007
Hg* 0.069+0.006° 0.036:+0.003¢ 0.010+0.009* 0.036+0.003¢ 0.036:£0.003¢ 0.052+0.003° 0.000
Ni 0.032::0.003° 0.034+0.035" 0.031£0.011° 0.039+0.007° 0.065+0.005" 0.038+0.004° 0.000
Pb* 7.05+0.56¢ 10.61+0.80° 9.32+0.73° 14.55+0.88" 11.74+0.62° 15.61£0.31° 0.000
Ba 0.11£0.01° 0.11£0.01° 0.10+0.01° 0.14+0.00* 0.16£0.01* 0.15+0.01° 0.000
Ce* 0.33+0.02° 0.17+0.01¢ 0.18+0.01 0.35+0.03° 0.27+0.02° 0.15£0.01° 0.000
Co* 5.60+0.17° 5.34+0.19% 4.44+0.52° 6.64+0.63° 5.22+0.14% 4.78+0.35° 0.000
Cs* 5.70:£0.20" 6.03+0.54¢ 5.33+0.19¢ 13.82+0.60° 10.56+0.53° 12.06+0.60° 0.000
Dy* 0.13+0.00° 0.11+0.01° 0.06+0.00¢ 0.07+0.00° 0.04+0.00° 0.03+0.00 0.000
Eu* 0.066+0.003" 0.054+0.005" 0.040:£0.001¢ 0.043+0.003% 0.043+0.002 0.048+0.002° 0.000
Gd* 0.14+0.01° 0.12:0.00° 0.10+0.01¢ 0.10+0.01¢ 0.10+0.01¢ 0.07£0.00° 0.000
Ho* 0.0310.001° 0.019+0.002° 0.013+0.001° 0.017+0.002° 0.005+0.000° 0.010+0.001¢ 0.000
Li 0.1120.00¢ 0.25+0.02° 0.16+0.00° 0.23+0.01° 0.15+0.01™ 0.13+0.01° 0.000
Lu* 0.0097+0.0006* 0.0084:0.0009° 0.00710.0002° 0.0041+0.0003° 0.00550.0004¢ 0.003320.0003° 0.000
Mo* 7.9+0.44° 5.5740.15° 8.81+0.75" 3.74+0.33° 2.97+0.11° 4.63+0.35¢ 0.000
Nb* 1.03£0.06" 1.21+0.04° 0.84+0.07° 0.64+0.06° 0.51£0.06° 0.47+0.02° 0.000
Nd* 2.48+0.02° 2.42+0.02° 1.30+0.03° 2.5240.05° 2.25+0.01° 1.21+0.01° 0.000
Pr* 0.22+0.02° 0.16+0.01° 0.15+0.02° 0.120.02¢ 0.11+0.01° 0.10+£0.01° 0.000
Rb 1.7240.13° 1.22+0.10° 1.31£0.04¢ 1.88+0.15° 2.22+0.07 2.22+0.25° 0.000
Sb* 0.60+0.00° 0.34+0.02¢ 0.56+0.02° 0.39+0.02° 0.32+0.02¢ 0.83+0.052 0.000
Sc* 3.35+0.23" 2.75+0.26° 2.69+0.16° 3.54+0.25" 3.38+0.25° 3.15+0.30% 0.005
Se* 2.92+0.15° 3.68+0.33" 4.08+0.16° 4.56+0.27° 4.02+0.25° 3.90+0.039" 0.000
Sm* 0.098+0.009 0.098+0.005" 0.048+0.004° 0.053+0.006° 0.085+0.008* 0.082+0.004° 0.000
Sn* 0.99+0.05° 1.21+0.07¢ 1.75+0.05° 1.57+0.12% 1.44+0.04° 1.66+0.11% 0.000
Sr 2.1240.16° 5.04+0.23° 3.49+0.27° 5.00+£0.22° 3.1440.31° 3.26+0.13° 0.000
Thb* 0.023+0.000° 0.021=0.001° 0.016+0.001° 0.010+£0.001° 0.011£0.001¢ 0.005+0.000" 0.000
Ti 0.27+0.01° 0.27+0.02° 0.34+0.03° 0.25+0.02" 0.24+0.02° 0.25+0.11° 0.000
Th* 0.50+0.02° 0.43+0.02" 0.30+0.02° 0.14+0.09¢ 0.15+0.01¢ 0.13+0.01¢ 0.000
TI* 0.50+0.03" 0.50+0.02° 0.40+0.03° 0.21+0.01° 0.15+0.01¢ 0.12+0.00¢ 0.000
Tm* 0.051+0.004" 0.038+0.002° 0.041+0.002° 0.038+0.002° 0.028+0.001° 0.020+£0.002¢ 0.000
U* 0.57+0.02° 1.38+0.04° 0.54+0.03° 0.05+0.03" 1.42+0.1° 0.50+0.01° 0.000
\Y% 0.038+0.001 0.013+0.002° 0.0100.000° 0.012+0.000° 0.010+0.001° 0.007+0.000¢ 0.000
Y* 1.11£0.10° 0.97+0.01° 0.55+0.06° 0.60£0.01¢ 0.52+0.04° 0.48+0.05° 0.000
Yb* 0.11£0.01° 0.13£0.01* 0.06+0.00° 0.03+0.00° 0.05+0.01¢ 0.01+0.00" 0.000
Ag* 0.11+0.01* 0.05+0.00° 0.03+0.00° 0.02+0.00° 0.01+0.00¢ 0.01+0.00¢ 0.000
Ta* 0.78+0.01° 1.01£0.01° 0.64+0.04° 0.640.04° 0.44+0.04¢ 0.43+0.04¢ 0.000
Pt* 0.49+0.02° 0.36+0.04° 0.72+0.02° 0.76+0.04° 0.76+0.06° 0.66+0.04° 0.000
W 1.96+0.17° 1.53+0.12° 1.54+0.13° 1.31£0.10° 0.92+0.03° 0.92+0.06° 0.000
Hf* 0.46+0.02° 0.400.02° 0.23+0.02° 0.21+0.01° 0.23+0.02° 0.10£0.00° 0.000
Pd* 2.41+0.02° 2.16+0.09° 1.26+0.08° 0.89+0.07¢ 0.66+0.05° 0.60+0.06° 0.000
Ga* 3.51£0.15° 3.29+0.26° 2.82+0.12° 5.00+£0.31° 5.45+0.36° 5.25+0.24° 0.000
Zr* 7.45+0.76° 9.30+0.61° 2.78+0.03° 1.88+0.02¢ 1.52+0.05¢ 1.14+0.10° 0.000
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Table 5 Year classification function coefficients based on mineral elements

JLE 2018 4F 2019 4F 2020 4F 2021 4E 2022 4E 2023 4E
Cu —415611.716 —338770.959 —170978.928 —124753.525 —141694.308 —45686.007
Li —-1043503.101 —827062.251 —383137.593 —245878.411 —398549.384 109091.933
Na —4682.713 -3075.169 —537.598 -118.434 —2214.353 4074.076
Sb —319983960.641 —201917882.924 —27032750.901 —3416442.874 —149505669.185 294649404.554
Tl 1805024526.879 1602292234.934 817261247.514 487112610.228 752613148.339 —766368.371
445283173.744 391316332.544 189691021.143 111457439.022 190435256.785 —33896290.423
v 9818793.351 5576430.112 1640563.911 1830956.402 2701601.423 —2621559.302
Y 177408457.806 102213852.443 23528019.498 24354529.289 57285072.997 —80409681.638
Yb 5340229167.110 5139552778.490 2846219489.699 1621816268.650 2338375292.725 632927697.979
Ag 4459430818.263 4406995131.052 2585106102.715 1526650145.998 1881597624.696 1148751272.136
Pt 223580568.404 201663164.786 112944253.860 72141859.452 85975176.882 42648828.562
(W) —1230651.538 —1009331.839 —316646.509 —123981.689 —204021.840 —196891.658
F6 ETUMILENTEEREEER Fisher FIRI FHTLER
20234 Table 6 Results of Fisher discriminant analysis of wines from
200 - ] different years based on mineral elements
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