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Abstract: By analyzing the differences of mineral element contents in dried tangerine peel from different producing areas,
combined with multivariate statistical analysis, the effective origin traceability indexes based on mineral element fingerprint
analysis technology were selected to construct its discrimination model of different origin identification. In this study, 206
dried tangerine peel samples were collected from three different producing areas as Guangdong, Fujian and Chonggqing. The
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contents of 32 mineral elements were determined by inductively coupled plasma mass spectrometer (ICP-MS) and
inductively coupled plasma atomic emission spectrometer (ICP-AES). Combined with analysis of variance, principal
component analysis, linear discriminant analysis and orthogonal partial least squares discriminant analysis, a discriminant
model of dried tangerine peel producing area was established. The results showed that 26 of the 32 mineral elements in the
dried tangerine peel samples had significant differences between Guangdong and other two producing areas, and 11 of them
had significant differences between the three different regions. After principal component analysis, four principal
components could be extracted from the 32 mineral elements, representing 70.0% of the total index. Based on the principal
component analysis, the dried tangerine peel samples could be preliminarily clustered according to their different origin.
The main variables of the first two principal components were Dy, Sm, Gd, Pr, Nd, Y, La, Fe, Be, V, Ce, Sc, Co, P, Mo, As,
Pb and B. Through linear discriminant analysis, 21 mineral elements K, P, Ca, Co, Cu, Mn, Mo, V, Ni, B, Li, Pb, As, Sr, Ti,
Th, Gd, Sc, Nd, Pr and Y were determined as effective traceability indexes of the dried tangerine peel. Additionally, based
on the discriminant model established by orthogonal partial least squares discriminant analysis, the importance of 13
elements Sc, B, Y, Co, Nd, La, Pr, Be, Gd, Dy, Sm, Mo and Fe were determined. For the discrimination models established
by the two above-mentioned discrimination analysis methods, their overall correct discrimination rates of cross validation
and external sample validation were both 100%, which basically achieved the origin discrimination of dried tangerine peel.
The research suggested that the mineral element fingerprint analysis technology can be used for the origin traceability
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discrimination of dried tangerine peel.

Key words: mineral element; dried tangerine peel; origin traceability; agricultural product; discriminant analysis
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Table 1 Contents of mineral elements in tangerine peel from
different producing areas (mg-kg ")

JLE IR fioycis EIDN
K 11775.1£2338.0° 7875.5+2567.8° 6631.2+1222.1°
P 776.6+£136.2° 781.5+81.7° 586.0+84.5°
Ca 5533.1+1455.4° 5565.2+412.1* 5819.2+1608.7°
Mg 706.2+171.6" 786.5+75.8* 847.6+£165.3*
Fe 20.3+10.0° 57.8+10.1° 79.5+47.0°
Cu 2.979+2.605* 1.307+0.211° 1.997+0.386"
Zn 3.114+1.294° 4.171£0.908* 4.789+2.269*
Mn 4.318+2.187° 11.739+2.393* 12.000+7.541°
Cr 0.931+0.979% 0.873+0.389° 1.370+£1.211°*
Mo 0.008+0.010° 0.025+0.007* 0.036+0.015*
Co 0.027+0.019¢ 0.149+0.048* 0.048+0.033°
B 8.217+1.860°¢ 11.5742.269° 23.302+3.456%
A\ 0.033+0.017° 0.089+0.016* 0.140+0.103*
Ni 0.725+0.497* 0.611+0.171* 0.585+0.279°
Sr 9.623+4.227° 20.576+4.717* 24.088+10.619*
Ti 1.034+1.220° 2.609+1.038" 2.999+1.878°
Pb 0.078+0.060° 0.160+0.037* 0.353+0.293*
As 0.019+0.040° 0.055+£0.017* 0.131+0.176"
Li 0.099:0.143° 0.0400.020° 0.187+0.109°
Be 0.001+0.002°¢ 0.014+0.006" 0.005+0.004°
Sb 0.001+0.001¢ 0.004:£0.002° 0.012+0.017*
Th 0.002+0.006° 0.007+0.003* 0.013+0.012°
U 0.001+0.002° 0.003+0.001* 0.005+0.004°
Dy 0.002+0.002° 0.011+0.002% 0.008+0.004°
Gd 0.004+0.004° 0.017+0.004* 0.012+0.005°
Sc 0.269+0.047° 0.26+0.038* 0.013+0.009°
La 0.089+0.051° 0.293+0.056" 0.167+0.060°
Nd 0.038+0.023°¢ 0.13+0.023° 0.074+0.031°
Pr 0.009+0.006° 0.035+0.006" 0.022+0.009°
Sm 0.004+0.003° 0.017+0.003* 0.012+0.006°
Ce 0.159+0.114° 0.309+0.043° 0.235+0.109°
Y 0.031+£0.019° 0.118+0.025° 0.056+0.022°

e TR 7R R 22 5 W3 (P<0.05) .
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Table 2  Principal component analysis eigenvalue and variance
contribution rate

ERWSY ORI JTETCR(%) RIITETTCR(%)
1 13.6 42.6 42.6
2 4.53 14.2 56.8
3 242 7.6 64.4
4 1.8 5.6 70.0
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Fig.1 Score plot of the first and two principal component for
each producing area of dried tangerine peel
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Fig.2 Loading plot of the first two principal components of
each element in dried tangerine peel
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Fig.3 Score plot of dried tangerine peel from different
producing areas by LDA
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Table 3  Origin traceability discriminant analysis results and
external sample verification of tangerine peel samples from three
origins based on selected variables

UK

JF4H — IYAUETRZR (%)
IR AEg EK
R 81 0 0 100.0
Finye:s 0 45 0 100.0
JRlG
BN 0 0 40 100.0
it 100.0
IR 81 0 0 100.0
Finyes 0 45 0 100.0
X HGIE
EiS 0 0 40 100.0
it 100.0
IR 24 0 0 100.0
. fEE 0 7 0 100.0
A EBIIE
G 0 0 9 100.0
JESay 100.0

TAE Y M RS 1L 2 X AR A R R
Q*(cum) F /R TRIXT 4320 {4 FIUIM BE 150400, SyAirad
R R, RPY (cum) 1 Q*( cum) 43 51 & 0.919 Fi
0.902, 23T 1, 68H1%Z OPLS-DA A5 th 2 A~ 3= iy
HEA RS 3 MR- R 2Z Rl i 25 5, H B A 84
A TREINERE o

1 OPLS-DA 18453 E (& 4)n] UL, 3 AAS[E] F=
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N 1 ERSMRST KT ARIBR B AEAR S pm . FEPR
PREAS B 3 b DX 4358 PAAR AR SR 8 2 FERS31547,
A LAt — B AR @A 5 E PR A X S . dEad
VIP {H i B 2 432848 i, o VIP(E KT 1 9
Sc. B. Y. Co. Nd. La, Pr. Be, Gd, Dy. Sm. Mo.
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