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Abstract: To investigate the elemental differences in beef from different regions of China and construct a reliable origin
traceability method, the contents of 52 elements in beef samples from seven production regions (Shandong, Yunnan, Ningxia,
Xinjiang, Jiangsu, Gansu, and Sichuan) were systematically quantified using inductively coupled plasma mass spectrometry
(ICP-MS) and inductively coupled plasma optical emission spectrometry (ICP-OES). An original dataset was constructed based on
the elemental contents, and a discriminant model for beef origin was developed by applying multivariate statistical and machine

learning methods, including multivariate analysis of variance (MANOVA), random forest (RF), linear discriminant analysis (LDA),
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and cosine similarity algorithms. Through feature importance evaluation and variance analysis, 27 key elements (Sc, Co, K, Se, Rb,

V, Ba, As, Sn, Pb, Na, Cu, Mg, Ag, Al, P, Ni, T, Fe, Ti, Zn, Mn, Cd, Ca, Cs, Sb, and Mo) with significant regional differences were

identified and used to construct the core feature space of the model. Subsequently, 12 external validation samples were introduced

for origin identification, and the results showed a discrimination accuracy of 91.67%, confirming the feasibility and robustness of the

established model. The findings demonstrated that significant differences exist in the elemental composition of beef from different

regions, and elemental fingerprints can serve as reliable indicators for origin traceability. This achievement provides a theoretical

basis for improving beef origin authentication and ensuring the quality and safety of meat products.
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Table 1 Mineral element contents in beef across provinces

TE b AR =& TA 52 LR H# w9 )| P-value
Li*  152.47+262.12 19.04+28.60 7.22+11.07 29.09+34.62 17.11+£24.12 15.684+23.43 24.85+35.86 0.007
Na* 43.26+14.42 53.09+12.56 64.19+14.79 63.56+16.59 61.72+24.36 94.89+79.86 38.60+10.20 0.015
Mg* 16.67+4.12 21.26+3.23 20.14+2.29 21.35+1.98 17.75+4.71 17.25+£3.81 16.27+4.09 0.001
Al 671.88+£792.53 984.45+1173.09 703.20+£1055.26 435.16+£761.24 517.56+340.26 844.24+1256.83 806.12+1201.82 0.211
p* 142.344+34.39 171.75424.47 164.87+£20.51 174.48+16.26 143.58+38.09 144.63+35.19 140.404+36.09 0.007
K* 273.20+68.73 353.96+63.23 339.40+44.30 329.61+26.87 290.94+82.14 279.52+71.39 248.62+75.23 0.001
Ca* 8.54+3.01 14.28+5.38 12.84+4.25 12.01+3.68 13.74+6 .91 12.72+3.75 7.77+2.66 0.036
Sc* 9.20+3.66 76.88+61.01 116.26£111.19  429.89+438.28 88.27+70.93 121.63+109.81 99.97+£236.92  <0.000
Ti 325.84+158.59  449.714£236.12  425.48+189.83  545.084254.38  431.86+245.07 401.64+206.97 273.60+£259.71  0.182
V* 1.34+£1.20 1.48+1.28 1.21+£1.10 187.10+177.78 1.47£1.22 0.99+1.36 33.42+83.65 <0.000
Cr 23.2248.28 18.84+10.76 19.62+12.24 31.72432.44 17.29+13.58 24.19+13.33 24 81+11.32 0.345
Mn 151.55+44.44 169.55+63.96 165.39+49.35 181.64+43.97 153.46+30.53 144.08+61.90 173.00+44.50 0.435
Fe* 1.93+0.59 2.02+0.94 2.08+0.67 2.13+0.91 1.62+0.54 1.68+0.46 3.1242.35 0.046
Co* 1.47+0.85 3.61+£2.55 3.17+£1.66 601.59+588.87 2.72+1.53 1.82+1.23 118.83+£306.07  <0.000
Ni 2.16+2.75 12.92+13.07 16.254+26.72 15.28+13.91 19.09+24.35 10.51+8.26 9.46£14.10 0.435
Cu  458.13+£252.32  647.77£87.74  654.29+£138.39  623.25+112.51 611.23£261.92 607.74+223.76 671.31+£207.88  0.299
Zn* 3.50+1.72 3.92+0.95 4.71+1.16 5.25+1.13 4.34+1.55 4.12+1.09 4.89+0.89 0.019
As* 10.78+4.16 12.19+6.76 12.84+5.95 12.75+7.60 6.47+3.54 11.10+8.70 7.46+3.16 0.046
Se 72.16+21.04 105.23+55.66 141.00+£95.19 102.43+30.46 119.37£74.83 89.87+£59.41 92.98+£36.65 0.182
Rb*  398.86+£244.92 387.00£166.61 353.33+£125.95 233.06£125.59 442.18+£278.25 234.09+111.52  346.46+£236.51  0.022
Sr 281.93+£100.54  489.80+223.83  430.80+168.22  501.88+270.77 436.77+183.92  429.93+135.69  254.65+132.66  0.054
Y 2.71£2.65 1.63+£2.25 2.19+3.39 1.83+£5.41 1.73+£2.80 2.96+2.90 1.82+1.47 0.933
Mo 0.00+0.00 0.73+1.57 2.40+3.55 4.24+4.40 3.63+3.51 3.83+6.40 0.94+2.49 0.054
Ru 0.00+0.00 0.00+0.00 0.00+0.00 0.24+0.80 0.00+0.00 0.00+0.00 0.00+0.00 0.412
Rh* 0.13+£0.13 0.01+0.04 0.05+0.12 0.00+0.01 0.02+0.05 0.04+0.08 0.01+0.02 0.019
Ag 71.64+81.87 88.48+73.65 73.18+70.35 29.41+41.67 64.97+38.69 60.46+42.57 73.96+37.63 0.182
Cd 0.47+0.37 1.38+1.26 0.96+0.37 0.97+0.39 1.09+0.42 0.93+0.47 0.83+0.57 0.062
Sn* 1.65+0.62 3.62+2.17 2.33+1.17 2.89+1.13 2.52+1.62 1.80+0.90 3.68+2.74 0.019
Sb 0.90+0.69 2.23+1.24 1.90+0.93 1.61£1.36 2.19+1.02 2.24+3.23 6.94+15.57 0.194
Te 0.21£0.66 0.00+0.00 0.00+0.00 0.03+0.13 0.00+0.00 0.00+0.00 0.50+1.32 0.14
Cs 10.34+10.66 26.32+38.21 21.45+16.23 13.84+14.23 25.414+23.79 12.83+11.23 24.82+37.98 0.418
Ba* 92.90+29.16 135.66+52.02 117.84+33.24 157.47+67.98 132.81+48.79 138.43+63.14 78.07+39.88 0.019
La 10.94+12.18 4.78+8.75 7.76+17.77 4.38+11.11 14.20+52.60 5.85+£10.66 3.26+3.29 0.931
Ce 5.71+4.80 2.98+4.42 2.49+3.50 6.16£15.70 3.66+6.81 1.86+£2.61 3.64+3.96 0.82
Pr 0.55+0.49 0.49+0.73 0.30+0.41 0.20+0.29 0.60+1.33 0.31+0.44 3.54+8.23 0.069
Nd 2.60+1.80 1.61£2.60 1.5242.18 8.21+£19.34 0.76+1.37 3.38+5.46 1.53+1.39 0.28
Sm 0.25+0.29 0.39+0.68 0.32+0.62 0.13+0.23 0.37+1.17 0.29+0.46 0.39+0.31 0.931
Eu 1.02+0.65 0.71£0.68 0.81£0.70 0.74+0.65 1.04+£1.16 1.01+0.90 0.69+0.30 0.866
Gd 0.98+0.78 0.58+0.66 0.62+0.80 0.54+0.43 0.70+1.23 0.61+0.87 1.03+0.82 0.83
Tb 0.22+0.23 0.14+0.21 0.21+0.25 0.11+0.19 0.08+0.18 0.17+£0.24 0.15+0.13 0.476
Dy 0.67+0.53 0.31+0.46 0.40+0.77 0.52+1.21 0.40+0.66 0.22+0.33 0.51+0.53 0.896
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H&R1
TE AR =¥ TFE iz pa HA 91| P-value
Ho 0.07+0.08 0.04+0.09 0.04+0.09 0.04+0.07 0.12+0.24 0.08+0.20 0.08+0.16 0.698
Er 0.46+0.44 0.58+0.60 0.49+0.72 0.15+0.22 0.26+0.46 0.20+0.31 0.24+0.23 0.182
Tm 0.03+0.05 0.01+£0.02 0.02+0.04 0.00+0.02 0.04+0.10 0.00+0.01 0.00+0.00 0.436
Yb 0.16+0.20 0.14+0.26 0.16+0.35 0.14+0.21 0.14+0.26 0.05+0.11 0.19+0.20 0.931
Lu 0.02+0.05 0.04+0.07 0.02+0.05 0.01+0.03 0.02+0.05 0.02+0.05 0.06+0.07 0.418
Ir 0.30+0.93 0.05+0.13 0.07+0.16 0.00+0.00 0.04+0.15 0.08+0.22 0.00+0.00 0.436
Pt 0.00+0.00 0.11+0.19 0.53+1.57 0.59+1.02 0.32+0.70 0.63+1.07 0.38+1.00 0.708
Au 1.414+3.07 4.43+10.00 1.50+2.48 3.35+£5.72 1.46+1.96 0.48+1.40 1.40+2.39 0.418
Hg 0.00+0.00 1.65+3.89 3.01+£6.89 0.88+3.37 4.08+6.75 0.93+2.37 0.00+0.00 0.28
TI* 0.01+0.03 0.06+0.13 0.02+0.06 10.51+13.05 0.28+1.09 0.02+0.05 2.00+4.65 <0.000
Pb* 16.81+7.83 27.93+22.30 24.14+14.26 81.684+95.28 34.19+44.77 26.23+33.28 47.78+50.22 0.019
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Fig.1 Comparison of typical mineral element contents in beef from different provinces
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Fig.3 Elements with feature importance greater than 0.02
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