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Research on origin traceability of wild rice based on mineral element
fingerprint characteristics
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(Technology Center of Dalian Customs District, Dalian 116001, China)

ABSTRACT: Objective To analyze the differences in mineral elements in wild rice from different regions and establish
a method for tracing the origin of wild rice based on mineral element fingerprint characteristics. Methods Inductively
coupled plasma mass spectrometry (ICP-MS) was used to analyze the content of 24 kinds of mineral elements in 40 wild
rice samples from the United States, Canada, and China. The data were subjected to variance analysis, multiple
analysis, principal component analysis, and discriminant analysis to explore the feasibility of using mineral
element fingerprint characteristics for tracing the origin of wild rice. Results The content of 24 kinds of
elements showed significant differences among the regions. Principal component analysis extracted 3 principal
components, with a cumulative variance contribution rate of 93.1%. Principal component analysis successfully
distinguished wild rice from the United States and Canada. Discriminant analysis correctly identified 97.7% of the
wild rice samples. Conclusion This study demonstrates the feasibility and accuracy of classifying wild rice samples

from different origins.
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Table 1 Mineral element content of wild rice from different regions (ng/L)

JLHR G| JIE-DN ESE|
B 751.56:84.20° 1012.22+89.50° 1634.88+145.28"
Na 13567.08+1026.25° 19140.46+1437.76 64468.60+1021.77"
Mg 1125866.44+13303.83" 870009.56+59098.34° 949515.52+77980.02°
Al 2830.70+195.20° 1225.02+301.35° 1236.12+123.53°
K 2692211.95+31570.59* 2641275.88+£65447.05" 2587587.21+114290.99*
Ca 74391.76+1438.17° 35585.19+1560.53" 33531.58+3250.47°
A 2.41+0.27° 1.26£0.22° 1.82+0.17°
Cr 275.13+15.23 190.57+23.54° 306.47+38.03°
Mn 17508.79+184.60° 10414.95+482.04° 14381.81+645.66°
Fe 13611.85+506.08° 11447.88+376.37° 14491.44+486.75"
Co 9.460.13° 3.24+0.31° 273.64+15.05°
Ni 401.30+29.86° 331.33+52.15 1385.73+39.16°
Cu 1039.19+23.86° 4336.2+444.32" 10318.02+456.13°
Zn 33173.59+514.90° 41340.39+3628.48* 35439.13+7450.64°
As 52.93+1.48" 21.64+6.57° 89.68+7.88"
Sr 569.66+22.05 147.71+28.36° 107.53+14.41°
Mo 261.17+10.84* 26.066.39° 110.19+4.31°
Ag 0.49+0.07° 0.37£0.15° 1.08+0.36°
cd 1.12£0.21° 3.33+1.37° 13.50£2.27°
Sn 178.99+14.31° 174.08+14.59° 176.29+9.16*
Sb 0.810.15° 1.18+0.63* 0.220.09°
Ba 486.01+75.03* 151.18+34.37° 165.37+25.88°
Hg 0.26+0.05° 0.54+0.14° 1.33+0.36°
Pb 116.04+6.79° 142.39+20.37° 18.82+7.46°

T AT AR /NS FREROR A P22 57 (P<0.05).
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Table 2 Eigenvalues and variance contribution rates of PCA Table 3 Discriminating model coefficients
BBy FHMEE O RETEER% BRI % . HIX
1 20.16 84.0 84.0 i IV eS|
2 1.22 5.1 89.1 g ~691.608 -332.504 ~1176.937
3 0.98 4.1 93.1 Na 0.015 0.019 0.034
Co -0.247 —0.408 -0.367
° InEX Ni -0.354 -0.455 -0.637
o ME[H
I HC95% E= X ] Cu 0.007 0.019 0.044
5 [E195% 8- {5 X 1] As ~0.537 0.484 3.421
Sr 1.874 0.815 0.636
Mo 0.434 0.122 0.387
Qf Sb —66.612 —46.118 —102.488
% Hg 102.276 117.343 162.549
E;ﬂ{ Zn 0.007 0.006 0.008
% Fe 0.000 —-0.003 —-0.007

Bl 1 AFEPEHETRT Y0 E PCA 454
Fig.1 PCA results of mineral elements in wild rice from
different regions
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Y +=691.608+0.015xNa—0.247xCo-0.354xNi+0.007x

Cu—0.537xAs+1.874xSr+0.434xMo0—-66.612xSb+102.276xHg+
0.007%Zn—0.000xFe

Y mex=332.504+0.019xNa-0.408%Co0-0.455%Ni+0.019x

Cu+0.484xAs+0.815%Sr+0.122xMo—-46.118xSb+117.343xHg+
0.006xZn—-0.003xFe

Y 5w=—1176.937+0.034xNa—0.367xCo—0.637xNi+0.044x

Cut+3.421xAs+0.636%Sr+0.387xMo—-102.488xSb+162.549x
Hg+0.008%xZn—-0.007xFe

TE: R0 0 5 R B, VT LI BR AR A, SR LR R
I i ) BR BB /NI T 32, R B i I ) i

ZRER Y 58 IR UESS RN 4 FT7R, 11 R R 811
JEUHR B R 5 R 100.0%; 38 B IIE 1Y 4> 2L 45 9
97.7%H BF KA IEH I o BT LA, AR (14 5T X K 1
HELAT AR 1, Ay S ) ol B O S b 0] S A
R AL HE HEFE 0 SL A

R4 TEFHEROFIR S5 LER (%)
Table 4 Classification results of discriminant analysis from
different regions (%)

SRR

Bk i &1t
mExR EH LS|
W 100.0 0 0
Jsihh eS| 0 100.0 0 100.0
i 0 0 100.0
JIESN 93.3 6.7 0
2 SUIGIE ESE| 0 100.0 0 97.7
G| 0 0 100.0

3 HFie5iie

A FEHE T H A 7 90 PR AR P, DI IR T 5
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