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liver, beef tripe, beef intestines) as the research subject, the content differences of 42 kinds of mineral elements in the
4 kinds of by-products were detected and analyzed. And verified through discriminant analysis. Results The results
indicated that there were significant differences in the content of 38 kinds of and 41 kinds of mineral elements
respectively in the 4 kinds of beef cattle by-products from Guyuan and Wuzhong regions (P>0.05). The content of Pb,
Cd, Hg, As, Cr in all beef cattle by-products is below the limit standards. Beef tripe has a strong adsorption and
accumulation effect on heavy metals such as Ni and Cr, rare earth elements Eu, Gd, Nd and Sm, as well as other
elements included Nb, Sb and Sn; beef liver had a strong absorption and enrichment effect on heavy metals like Cd,
trace elements Cu and Mo. Based on mineral elements, effective differentiation of various by-products and samples
from different origins could be achieved. Selected Cs, Na, Li, Cd, Tl, Rb, Cr, U, Pt, Ta, Co, Sc, Mo, Ni, Zn, Ir, Sn and
Fe as the key characteristic elements for distinguishing between cow stomach, cow liver, cow heart, and cow
intestine. Eleven key elements had been identified to distinguish the origin of beef by-products from Guyuan and
Wuzhong, included Cs, Cr, Rb, As, Sn, Nb, Ni, Li, Sb, Ti and Hg. Conclusion Beef by-products have their own
elemental characteristics, and different by-products and samples from different origins can be effectively
distinguished by the content of mineral elements. The research findings will help establish a quality database for beef
by-products, providing data support for the development of new products by enterprises.
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Table 1 Mineral element content in by-products of Ximengtall beef cattle from Guyuan

A A JIF LN 4
As* 1.20£1.79° 1.21=1.80° 0.75+1.31° 4.11£0.99*
Cd* 0.10+0.15° 13.10+£2.41% 0.80+1.21° 0.50+0.55°
Ni 0.36+0.06" 0.0060+0.0090° 0.032:0.044° 0.095+0.073°
Pb* 0.50+0.73° 7.5146.42° 0.76+2.19° 0.17+0.50°
Cr 0.88+0.28" 0.24+0.11° 0.38+0.15° 0.69+0.28"
Hg* 0.071+0.054° 0.042+0.050° 0.042+0.064 0.075+0.140°
p 618.33£72.28° 1908.33+594.65" 1437.50+124.68° 831.04+271.43°
Na 120.67+8.52° 90.33+25.74° 169.67+21.40° 76.47+28.95°
Fe 22.79+9.58" 29.71£10.09* 32.34+5.83° 10.23+2.55°
Zn 13.54+1.85° 26.62+6.58" 11.83+1.57° 10.90+2.65°
Mg 96.88+9.04° 125.83+29.44° 173.08+22.11° 111.67+25.96"
Mn 3.00+1.11° 1.75+0.39" 0.22+0.03° 0.41+0.14°
Cu 0.49+0.17° 18.75£7.15% 2.31+0.30° 0.70+0.16"
Se* 10.47+3.62" 14.26+1.42° 17.38+1.04° 14.44+5.06°
Mo 0.018+0.004° 0.41£0.08° 0.013+0.001° 0.021+0.004°
Co 0.015+0.003" 0.037+0.007° 0.0067+0.0021¢ 0.0071+0.0039°
Cs* 8.92+1.63" 6.14+0.41° 8.13+1.82° 4.11+0.87°
Dy* 0.30+0.47" 0.10+0.04°* 0.10+0.04* 0.20+0.18*
Eu* 0.16+0.16° 0.022+0.019° 0.022+0.028" 0.040:£0.470°
Gd* 0.76+0.61° 0.1540.15° 0.070+0.082° 0.12+0.09°
Ho* 0.032:0.006* 0.0400.012° 0.012+0.013° 0.028+0.022°
Nd* 3.41+3.42° 0.50+0.34° 0.50+0.37° 0.30+0.15"
Pr* 1.12+0.97° 0.33+0.12° 0.16+0.08" 0.23+0.09°
Sm* 0.53+0.38° 0.022+0.023° 0.0470.049° 0.066+0.063°
Tb* 0.060+0.042° 0.036+0.006° 0.032+0.017° 0.041£0.033*
Li* 4.81+2.12° 1.63+1.22° 1.51+1.40° 3.44+1.41°
Nb* 3.43+3.41° 0.46+0.64° 0.16+0.31° 0.34+0.18°
Rb 1.33£0.25° 3.38+0.85° 1.95+0.23° 0.74+0.23¢
Sb* 54.1464.9° 1.02+1.12° 6.33+5.14° 0.70+0.33°
Sc* 2.09£1.91° 6.33+£3.12° 6.04+3.58" 13.31£1.84°
Sn 1.04£0.92° 0.057+0.034° 0.24+0.16" 0.052+0.015"
Sr 1.63£0.22° 0.037+0.015° 0.039+0.016" 1.51+0.22°
Ti 0.79+0.20° 0.50+0.12° 0.48+0.04° 0.53+0.08°
TI* 0.28+0.18% 0.36£0.19" 0.47+0.44° 0.1340.10°
U* 6.62+3.14° 4.83+3.72° 1.90+2.41° 13.20+£3.51°
Y* 2.32+1.51° 0.41£0.07° 0.48+0.19° 1.13+0.39
Au* 0.31£0.16 0.31£0.12° 0.25+0.11% 0.18+0.10°
Ta* 0.19+0.05° 0.3740.09° 0.33£0.21% 0.31£0.27%
Ir* 0.55+0.21° 0.46+0.04* 0.42+0.09* 0.54+0.28"
Pt* 0.54%0.19° 0.37+0.14° 0.35+0.13° 0.56+0.44°
W 4.12+1.13° 4.3240.60° 2.93+0.32 2.2140.54
Pd* 0.15+0.23° 0.15+0.11° 0.18+0.16™ 0.3240.21°

e R EUE AR R 2, * SRR LR S AN pg/ke, HAITE E RN me/kg; ARVNG FREFRF 0 YT R EAR

[E] =P A 2 25 5 (P<0.05), FH.
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Table 2 Mineral element content in by-products of Ximengtall beef cattle from Wuzhong
4 i HF SN s
As* 21.31£25.12° 12.26£9.51% 1.13+1.42° 5.62+3.84%
Cd* 1.22+1.83° 6.32+5.14° 0.17+0.32° 0.08+0.19°

Ni 0.17+0.12* 0.0045+0.0073" 0.030+0.015° 0.012+0.025°
Pb* 7.92+14.31° 3.64+3.82% 1.1442.63° 0.26+0.56"
Cr 0.63+0.35° 0.24+0.05° 0.33+0.08" 0.32+0.11°
Hg* 0.068+0.093* 0.10+0.14* 0.053+0.041° 0.11£0.16*

P 771.984361.88° 1651.04+203.30° 1207.29+300.07° 784.38+160.99¢
Na 103.40+24.27° 80.88+16.71° 128.93+32.85° 137.17425.41°
Fe 100.03+81.76" 26.05+2.68" 31.01+£7.09° 6.72+1.80°
Zn 11.95+2.11° 24.59+3.32° 10.32+2.98" 9.88+1.99°
Mg 167.96£121.74* 118.54+13.62" 151.48+43.88% 104.44+22.93¢
Mn 32.76+36.88" 1.4240.24° 0.21£0.06" 0.3540.08°
Cu 0.58+0.10° 32.49+33.41° 2.3440.53° 0.45+0.08°
Se* 13.11£3.24° 17.46+4.43° 15.1742.64° 15.16+3.13¢
Mo 0.014+0.003° 0.38+0.04° 0.010+0.002° 0.012+0.002°
Co 0.023+0.026" 0.052+0.007° 0.0068+0.0018° 0.0045+0.0018°
Cs* 2.43+0.48° 2.61+0.81° 4.05+1.33° 2.9140.34°
Dy* 0.62+1.23° 0.12+0.09° 0.081+0.091° 0.060:0.063°
Eu* 0.45+0.37° 0.044+0.027° 0.026+0.031° 0.041+0.054°
Gd* 0.50+0.53* 0.19+0.11° 0.067+0.066° 0.17+0.07°
Ho* 0.060+0.093* 0.026+0.026" 0.0060+0.0096° 0.034+0.018%
Nd* 2.03+2.71° 0.74+0.63" 0.0030+0.0070° 0.38+0.19°
Pr* 0.93+1.39° 0.62+0.12% 0.12+0.061° 0.24+0.11°
Sm* 0.72+0.65" 0.084+0.075° 0.046+0.056° 0.070+0.071°
Tb* 0.0540.000° 0.056+0.030° 0.032+0.018" 0.038+0.032%
Li* 5.44+2.83% 1.72+1.23° 2.64+1.81° 9.43+1.73"
Nb* 1.52+1.24° 0.29+0.43° 0.72+0.38° 0.39+0.42°
Rb 0.56+0.13¢ 2.1740.45° 1.2140.24° 0.96+0.16°
Sb* 6.71+4.39° 1.78+1.19° 1.29+0.82° 0.45+0.72°
Sc* 11.48+7.39* 10.26+5.31° 4.33+6.12° 12.16+6.87°
Sn 0.2240.14° 0.10+0.04° 0.082+0.040° 0.068+0.028°
Sr 7.11£5.76* 0.071+0.028° 0.044+0.041° 0.55+0.11°
Ti 2.10+1.16* 0.58+0.24° 0.47+0.08" 0.60+0.16°
TI* 0.21£0.11° 0.49+0.25° 0.58+0.51° 0.16+0.10°
U* 15.13+7.02° 1.74+1.13° 3.24+1.62° 9.61+5.03°
Y* 5.23+8.11° 0.50+0.19° 0.38+0.16" 1.14+0.42°
Au* 0.24+0.20" 0.27+0.07* 0.25+0.13% 0.17+0.06"
Ta* 0.17+0.06° 0.27+0.13%® 0.41+0.22° 0.36+0.31°
Ir* 0.56+0.17° 0.55+0.10° 0.41+0.10° 0.63+0.31°
Pt* 0.36+0.20° 0.4540.13° 0.38+0.12° 0.7240.42°
W 3.13+0.59" 4.12+1.43° 3.2240.52° 2.94+0.35°
Pd* 0.40+0.37° 0.17+0.19 0.16+0.17¢ 0.34+0.25%
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