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Origin Traceability of Chinese Geographical Indication-featured Pork

Based on Mineral Element Fingerprints

QI Jing, L1 Ying-ying, JIANG Rui, LIU Ru-yan, ZHANG Chen, WANG Cheng, GUO Wen-ping, WANG Shou-wei
(China Meat Research Center, Beijing 100068, China)

Abstract: The feasibility of tracing the origin of geographical indication-featured pork in China by analysis of mineral element
fingerprints was invastigated. The contents of 33 mineral elements in Qingyu Black Pork from Bashan in Sichuan, Laiwu Black Pork from
Shandong and Heiliu pork from Beijing were determined by inductively coupled plasma mass spectrometry (ICP-MS). Through element content
screening and after the exclusion of the elements with contents below or close to the detection limit, 13 elements in the pork samples were
screened out for further investigations. Statistical analysis of data was carried out through combining principal component analysis, multiple
comparative analysis and discriminant analysis. Among them, the contents of the eight elements, Na, Fe, Co, Cu, Zn, Se, Rb and Sr, showed
significant regional differences (p<0.05). Based on the comparison among Partial Least Squares Discriminant Analysis (PLS-DA), Orthogonal
Signal Correction Based Partial Least Squares Discriminant Analysis (OPLS-DA), Support Vector Machine, Naive Bayesian, Decision Tree and
Neural Network, OPLS-DA and decision tree classification models are more suitable for origin traceability of characteristic pork based on
mineral element fingerprints. Mineral element fingerprint-based analysis has a long-term application prospect in origin traceability of
geographical indication-featured pork in China.
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Table 1 Temperature programming of Microwave Digestion

% mEIC ARIEE R /min
1 100 1
2 120 1
3 150 1
4 180 3
5 200 70

132 My

MEREMF Na. K. Mg, Ca. B. Ti. Al. Mn.
Fe. Co. Cu. Zn. As. Se. Rb. Li. Be. V. Cr.
Ni. Mo. Ag. Cd. Sr. Sn. Sb. Ba. La. Ce. Pb.
U. TI. Bi L33 FlcE &,

HAMRIZ#EAT 27047, ) 10 ug/L Rh. Re. In.
Ge WHR TG RIRIFAZRIFRE M. ICP-MS 438 2644
% 2 Fr.

2 ICP-MS {ER& M
Table 2 Instrument Conditions of ICP-MS
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Table 3 Detection Limit of 33 elements

TE # th PR /(ug/kg) TE # th PR /(ug/kg) TE # th PR/ (uglkg)
Li 1.43 Ni 9.89 Sb 1.05
Be 1.56 Cu 15.49 Ba 13.11
B 31.20 Zn 59.76 Tl 0.02
Al 441.29 As 1.50 Pb 6.54
Ca 213.22 Se 3.70 Bi 0.49
Ti 54.10 Rb 2.56 Na 273.50
\% 0.34 Sr 8.09 Mg 37.01
Cr 28.97 Mo 6.48 K 283.82
Mn 3.94 Ag 2.89 La 0.18
Fe 607.96 Cd 0.20 Ce 0.51
Co 0.76 Sn 6.52 U 0.31
F 4 FNEFEHERTP TN TRRE
Table 4 Elements concentration of pork from different origins
TE GAR ¥ % 24 (n=6) AT 2 5<(n=10) #9452 (n=10)
%45 /(ug/kg) 391626.99+62681.30 325465.40+53746.20 495475.29+65374.78
N T Z % 16.01 16.51 13.19
4 /(uglkg)  3326150.30£349337.55  3386812.47+273699.51  3133343.52+333941.65
« T Z % 10.50 8.08 10.66
Mg %45 /(ug/kg) 218837.79+16813.66 223807.28+18522.51 204446.30+24147.72
T 5 7 4/% 7.68 8.28 11.81
4 /(ug/kg) 10894.84+1687.48 10826.97+475.21 11045.13+1850.81
c T Z % 15.49 4.39 16.76
T A% /(uglkg) 127.54+23.28 113.21+10.39 123.60%37.72
T Z % 18.25 9.18 30.52
M A% /(uglkg) 118.91%33.70 89.79+20.35 111.95+28.58
T 7 5% 28.34 22.66 25.53
Fe 4% /(ug/kg) 17882.02+4103.41 10812.88+1777.03 19901.74+4626.49
T 5 R % 22.95 16.43 23.25
o A%/(uglkg) 3.55+1.29 1.30+0.56 2.31+0.64
T 7% 36.34 43.08 27.71
N %4 /(ug/kg) 990.32+148.26 800.42+158.08 1126.69+237.63
T 5 5% 14.97 19.75 21.09
N %45 /(ug/kg) 31481.003690.25 20660.03+4473.38 36067.27+3026.43
T 5 57 #/% 11.72 21.65 8.39
S A% /(uglkg) 117.44+10.33 96.55+12.45 275.82+33.14
T Z % 8.80 12.89 12.02
- %4 /(ug/kg) 6720.274558.7 8847.45+484.53 8395.53+1248.01
T Z % 8.31 5.48 14.87
S %45 /(ug/kg) 5256.76+444.46 6932.38+385.01 6569.57+981.44
TR Z % 8.46 5.55 14.94

E: RAE P WRUAR-F AT £ AT
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Table 5 LSD method multiple comparison analysis results
B LSDges LSDggy LW-HL LW-QY HL-QY
Na 75.75 102.80 66.16  -103.85 -170.01

Fe 4.56 6.19 7.07 -2.02 -9.09
Co 0.001 0.0014  0.0022  0.0012 -0.001
Cu 0.24 0.33 0.19 -0.14 -0.33
Zn 4.75 6.45 10.82 -4.59 -15.41
Se 0.03 0.04 0.02 -0.16 -0.18
Rb 1.10 1.49 -2.13 -1.68 0.45

Sr 0.87 1.18 -1.68 -1.31 0.36

E: AT LW REREEH, HL RELTENEH,
QY K& w45 28,
xR 6 NE&HHERAFAKPENTESE
Table 6 Elements concentration in feeding water of pork from
different origins

e FERH T B AR
FRAKIGL)  FRAAKIugL)  FRRAK(ugL)

Na 28412.25+376.53 589553+696.11 214606.58+6.47

Fe / / /

Co 0.19+0.0021 / /

Cu / / /

Zn / / /

Se / / /

Rb 0.21+0.0064 / 0.33+0.02

Sr 585.92+16.15 119.78+1.24 240.08+3.06

Er RGP OBALR AT R 2 AR, I KR
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Y-Axis

X-Axis @ Z-Axis

X-Axis Component 1(53.33%)
Y-Axis Component 2(26.11%)
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Fig.1 3D Score Scatter plot of first three principal components
PC1, PC2 and PC3
R7 F— BTMBE=EWIHE
Table 7 Loading of first three principal components PC1, PC2,

PC3
R H PC1 PC2 PC3
Na 0.774 0.264 -0.356
Fe 0.932 -0.0504 0.192
Co 0.541 -0.448 0.449
Cu 0.812 0.269 0.393
Zn 0.968 0.0789 -0.0467
Se 0.725 0.389 -0.435
Rb -0.261 0.938 0.197
Sr -0.265 0.935 0.200
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F< 8 PLS-DA X [EIF=HisE PB4 Rk
Table 8 PLS-DA discriminant result table for pork from different producing areas

I B (True)db % B> (True)3E £ 2% (True) 76 2% Overall Accuracy/%
(Predicted)db 7% 2 o< 10 1 0
(Predicted) % % 2% 0 0 0
(Predicted) &% 2 0 5 10
(Accuracy) £ 7 /% 100 0 100 76.92

R 9 TR AERBIFIZ R IGIELER
Table 9 Accuracy of the prediction algorithm by cross-validation

B (True)db X 2o (True) k£ 24 (True)F6 2%  Overall Accuracy /%
(Predicted)dbt 7% 2 55 10 0 0
[T (Predicted) % % 2% 0 6 0
(Predicted) A4 2% 0 0 10
(Accuracy) 5 £/% 100 100 100 100
(Predicted)Jb 7% 2 55 8 1 0
A (Predicted) % % 2% 2 5 0
(Predicted) &% 25 0 0 10
(Accuracy) 44 % /% 80 83.33 100 88.46
(Predicted)Jbt 7% 2.5 10 0 1
U (Predicted) % % 2% 0
(Predicted) A5 2% 0 0 8
(Accuracy)E 4 £/% 100 100 80 92.31
(Predicted) b 25~ 7 3 8
- (Predicted) % % 2% 0 0 0
(Predicted) &% 2 3 3 2
(Accuracy) £ 7 /% 70 0 20 34.62
#F 10 TESFEERIMTMIA SR IELS R
Table 10 Accuracy of the prediction algorithm by External validation set
I B (True)db % B> (True) X L2 (True) 726 2%
(Predicted) 4t 7 255 0 0 0
T (Predicted) 3 % 25 5 5 5
(Predicted) A% 2% 0 0 0
(Accuracy)E 4 /% 0 100 0
(Predicted)Jb % o< 5 0 0
y . (Predicted) 3 £ 2 0 5 0
R (Predicted) &% 25 0 0 5
(Accuracy) 44 %% 100 100 100
(Predicted)b % B o< 5 0 1
S T (Predicted) 3 5. 2 % 0 5 4
(Predicted) &% 2% 0 0 0
(Accuracy)iE 7 £/% 100 100 0
(Predicted) It % E 55 5 5 5
Y. (Predicted) 3 % 25 0 0 0
(Predicted) &% 2% 0 0 0
(Accuracy) E 74 %/% 100 0 0
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