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ABSTRACT: Objective To analyze the difference of mineral element content in cashmere goats from different
areas in Ordos City, and construct discrimination model for the identification of Albas mutton. Methods The
content of 19 kinds of mineral elements in 93 samples from 3 regions (Etuoke Banner, Zhungeer Banner and Dalad
Banner of Ordos City) had been determined and analyzed by inductively coupled plasma mass spectrometry

(ICP-MS). Combining with the chemometrics (variance analysis, principal component analysis and discriminant
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analysis), the feasibility of tracing the origin of Albas mutton by analysis of mineral element fingerprints was

investigated. Results

The content of Ca, Se and V in Albas (Etuoke Banner) mutton were significantly higher than

those in Zhungeer mutton and Dalad mutton (P<0.05). The 6" °C content in Albas (Etuoke Banner) mutton was

concentrated in —15%o to —14%o, and the "N content was concentrated in 4%o to 6%o. Ca, Fe, K, Mg, Se, Tiand V 7

kinds of mineral elements were selected as the characteristic indexes to establish the origin tracing model of Albas

(Etuoke Banner) mutton. The accuracy of back test and cross-verification of Albas mutton origin identification was

93.9% and 91.8%, respectively. Conclusion The model construct achieves adequate classification accuracy, good

sensitivities and acceptable specifities for detecting the fraud in the Albas mutton label.

KEY WORDS: Albas mutton; origin traceability; mineral elements; stable isotopes; local characteristics
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Table 1 Differences in mineral element content in the mutton of
cashmere goats from different regions

SHERE MERSIRIE ISR

TR gy n gy A
Ba/(ug/kg) 0.185 0.168 0.181 0.601
Ca/(mg/kg) 90.204° 58.563° 63.575" 0.003
Cd/(ng/kg) 0.020 0.020 0.019 0.303
Co/(ng/kg) 0.023 0.021 0.022 0.091
Cr/(ng/kg) 0.163 0.097 0.222 0.283
Cu/(ng/kg) 2.083 2.135 1.953 0.702
Fe/(mg/kg) 3.742° 5.839% 6.614" 0.011
K/(mg/kg)  3593.098°  4161.475" 3866.855° 0

Mg/(mg/kg)  327.815° 357.421° 340.856™ 0.014
Mn/(ug/kg) 0.406 0.378 0.394 0.837
Mo/(ug/kg) 0.025 0.028 0.019 0.293
Na/(mg/kg)  736.501 682.646 690.978 0.169
Ni/(ng/kg) 0.080 0.080 0.076 0.954
Sb/(ug/kg) 0.001° 0.000° 0.010° 0
Se/(ug/kg) 0.113" 0.078" 0.019° 0
St/(ug/kg) 0.037° 0.033® 0.016° 0.06
Ti/(pg/kg) 0.815° 0.817° 4.072° 0
V/(ug/kg) 0.045° 0.027° 0.029° 0
Zn/(ug/kg) 60.279 59.539 56.612 0.354

e AT ARV NG FEERORTE 0.05 ACF EA B35 22 5:(P<0.05).
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1 6.225%, 6 > F A1 BT 7 Z 5Tl %5 80.483%.

R IR A0 ot E LSRR AL, B LR
Co. Cr. Mn Ml Ni 7£55 — T oy LR, M55 —3
AT TR B 5 . Fe. Se Ml Ti 7845 — F 4y F&kA
BOR(Sb Fiidik, A ), BVSEE 3 M0 A OCRR E
B, WOTE Ca, Mo, Na, Srfl V 7E4 = F M4 Fak
FrR, BVS 5 = F U0 AR BE B S o Cu, K. Mg il
Zo eV A iRk, RIS E DY 3 43 (A SR
. BT RS T, G55SR PR 2T R R X
FIZRIL 2 R YT R AR 2Z SR, R Sk )
REAEFEAR, A BT 7R B 0 L 2 7 b Y52 0 S A AR 1) ey s
BER AR TSR



%5 16 FEME, S5 FET W o0 R IR E AL 2 48 BCo BT Y B 7% L 30 A 7 e 9 9 281
Fz2 A6 NERDHBEIEMERSERBME
Table 2 Loading matrix and variance contribution rate of the first 6 principal components
- ESi% i
1 2 3 4 5 6
Ba 0.468 0.103 0.076 -0.379 0.627 -0.101
Ca 0.132 0.375 0.630 -0.336 0.441 0.195
cd 0.436 0.565 0.002 0.036 0.200 -0.534
Co 0.822 0.277 0.274 -0.051 ~0.208 —0.185
Cr 0.698 —0.140 0.131 -0.293 ~0.508 0.149
Cu 0.555 -0.025 -0.311 0.576 0.113 -0.020
Fe 0.535 -0.639 -0.182 0.135 0.158 0.164
K 0.150 -0.450 0.301 0.539 0.330 0.346
Mg -0.052 —0.163 0.607 0.671 0.210 0.052
Mn 0.663 -0.127 0.303 -0.050 —0.543 0.070
Mo 0.431 0.175 —0.549 0.389 0.081 0.036
Na -0.070 0.057 0.782 0.273 ~0.162 0.122
Ni 0.824 0.005 -0.253 -0.085 0.026 0.173
Sb 0.182 -0.777 0.183 -0.215 0.208 -0.188
Se 0.044 0.625 0.088 0.273 -0.209 0.379
Sr 0.330 0.291 —0.492 —0.145 0.349 0.394
Ti 0.248 -0.822 0.305 -0.172 0.050 —0.189
\Y% 0.203 0.508 0.661 -0.259 0.168 0.111
Zn 0.235 0.295 0.150 0.593 0.011 -0.458
5 22 THRFE % 20.097 17.648 15.723 11.908 8.883 6.225
St 2 TR % 20.097 37.745 53.468 65.376 74.259 80.483

2.3 FHHoH

3 PR, N7 EEENT YT R & R BT
(CERFTFOMEL ) R 7™ Hb () S R0, 35 T8 A5 0 500 - i
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e A RCE R, EEAL AR R R

LRSI T

Y,=0.033Ca—0.217Fe+0.018K+0.068Mg+48.467Se—1.
135Ti+110.979V-47.406

Yy=—0.03Ca—0.303Fe-+0.023K+0.080Mg—1.327Se—1.59
7Ti-28.740V—60.085

Y.=—0.046Ca—0.435Fe+0.018K+0.101Mg—45.383Se—0.
146Ti+2.566V-50.515

K, Ca. Fe. K. Mg, Se. Ti. VAT YILHEI; Y. Y
Y Ay B ERFE O | WEAG IR . SRR 3 X ]
KA T e R SR

A P IRUBC O ik, R P 0 S0 R Xk T % £ 3 2
PARE SRR T [ B 58 SURR G, XS SR TR A 5 S B
M 4 AT AR AR I IESS R B R, SR
93.9%FIFE S B E B, AR JRIEEA 77.3%A0RE S B,

KPR A 72.7%00FE S E AR A %A AE I IESE SR
WoR, FPICTEHEA 91.8%MAE B IE BB, MR R
63.6% AL S U, IEHIREIEAT 68.2%MRE S ERA TR
AT SR v A 5 1) 1A, 36 0 58 SURS 308 4 2R 43 5]
K 6.1%H 8.2%, KT 10%, HA LR R L. HILATAL,
W) TC R AR B4 BT BT 7R T 37 (5 ) 3 P 7 b i L
HRFE, IEBHYICE Ca. Fe. K, Mg, Se. Ti fl V

# 3 Fisher ¥R R R

Table 3 Fisher discriminant function coefficients

Hh I,
JLE
SRR MERSREE SRRk
Ca —0.033 —0.030 —0.046
Fe -0.217 —0.303 —0.435
K 0.018 0.023 0.018
Mg 0.068 0.080 0.101
Se 48.467 -1.327 —45.383
Ti -1.135 -1.597 —0.146
\% 110.979 —28.740 2.566
() —47.406 —60.085 -50.515
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Table 4 Classification results of discriminant analysis of mineral
elements in the mutton of cashmere goats from different regions

R THU 41 5] A
FES H 5] BREE ERS R EK
SOt IR i

FRILHE 46 3 0 49

EFE BHEH WERRE 1 17 4 22
2 SRR 2 4 16 2
EHE/ % 939 773 72.7 84.9
SRIETEIE 45 4 0 49

LY BH  WRBRE 3 14 5 22
S R 2 5 15 22
EH2/% 91.8  63.6 68.2 79.6

F18 5 ST ] R B AT 2 PR AT A O B T, R XKy
8 BT R B30T 0 L 22 PR D b S0 AR TR e AL
PG IR, X5 T ARG A PO 2 A 7 A WA 5 R A
WG 3 25 5 R T BRI (o 2 0
24 ARIMXABLFFAPRBERMNZEENESR
S

AR SLIRLE R 5), FIREITERIETO) AT 6°C
i P A TE —15%0~—14%0, 0°N 4 4 vh 4 A 1
4%0~6%o, [RIIHL, BATJR EL 72 A s s M35 61°C i 0N ]
YRR 2 15 Ry BT 7R BT 2 R AR AR, i m] S b bsifE DB
15/T 1561 (BI/R AR milE TR AL mlHIS KR .

x5 FRMRALFFENPRERMESEESR 57 (%0)
Table 5 Differential analysis of stable isotope content in the
mutton of cashmere goats from different regions (%o)

LR SRFE T it HERS IRt KPR
013C —15.45° —14.92% —14.44° 0.077
RN 4.75° 3.57° 3.57° 0.046
O0BCI6"N —4.04 —3.44 -3.79 0.679
3 4 #

AR 5T 308 ok X B SR 22 300 AS TR) X R D S 2 A R T
TLEMBERMZ S ' o0, Se it mm ke
7 AT JR BB 28 L 22 TR S S AR SRR SN [
KB ERT VTR SR AEREER, i 5msE
WEE . MR ER K. RS HIN AT B 5 7 F
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T ) 0 A B R L 8 S PR b LA v 1 B ) A
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