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Tablel Geographical origins of soybean and soil samples

T IREAR HEREAS

Number of soil samples  Number of soybean samples

£¢3% Farm

FFIEIR—
FFME
FIE =3
FFma T
FFM T
FIENG
Frm-tg
eI\
bR G
b EE A 3%
b ARG
Jbse =l
b ey
Jbar B4
dbzerg kil s
bR iLR Y
bt ik
Bl Y ATIF S ]

1.2 FENHB/ER

MARS F=p 38 & % 150 4 (CEM A #]); 1093
e XUEE (F}3 Foss Tecator A/ ); 7500alCP-MS (£ [H
Agilent A F]); JFLAEEI ST HBNIHFERS CHF P o SR8
AR ARAFD,

W W W wWwwWwwwwowwaooanNnNOaDND»MOOaONDDN
W W W wWwwWwwwwowwaNNDDNDNDWDNDW

1.3 WRWHE
1.3.1 EHzRXHEAALTRE

TEFFFME/R S b BRI RER G, KR
N1 kg, THiESEEE. BRI G, HRBAK R EE
FIKTE VR IAE S 3~5 7%, 60 CHETALHE 8 h, Mi/KEE
AR BE R R i 100 H 9, TR SRR AT
1.3.2 #Ha2/FRIBEHLRERELTRLAIE

AT TR 550G IR T KAk 22 17 =5 P2 AR 3 i 1 0 b
L THT AR K1 XS A T R B o DAIRCR 3 5 (R B Ao
VER 3R SR SR 3. BBR BRI, K
THEEE J it 100 H i % .

1.3.3 Z2FMRAEZLENE

T TR T T A 7 0 B TSR RE  T F T V S 2 I e
25 Iy A Y i T 2B AT A, LAAMRRVE R 7500a
ICP-MS xf # &£ 5 ) Na. Mg. Al. K. Ca. Sc % 52
RS BTN, BiRoi 5% 2 r g6y
ik
1.4 HIRAESE

DIBISERE S T ARSIV AT 7 2 b, FE T80 451
OIMTEHEAT HIA 0, B3R 2 FhEE A Ab K 3 R
ST TSRO B) SPSS 20.0 H A 5E k-
2 HER55%
21 BERIHTYITEREE

I FE S R AR S 2 AU [ X R A
BRES O T R A T T IR TR, B N
i Na. Al. K. Ca. Sc. V %5 46 Flin & & E7e Hhisg A3
FHEREEZESR (P<0.05) (£ 2, £3), UHIATLLFH
W4 706 25 8 N 5 MR IR 14 40 ) A AT AR

R2 TRHEHETHHRAETVYTRESE

Table2 Mineral element content of soybean in different regions

mg-kg™

TEE R T B R b2z T B B 5 AR T R by Jbze iy L3R
Element Soybean sample from Qigihar Soybean samples from Bei'an Soil samples from Qigihar Soil samples from Bei'an
K 18 176.48+4 279.29b 18 851.97+832.77a 16.66+1.18B 23978.43+13 412.39A
Ca 1937.10+£524.90a 1912.55+293.54b 3.78+1.64B 1 033.84+296.35A
Fe 67.87+16.85b 70.10+6.20a 27.93+1.43B 75.97+9.17A
Zn 34.36+8.50b 38.46+3.13a 56.60+3.71A 11.30+1.90B
Mn 26.06+6.43b 27.52+3.15a 669.50+90.17A 0.24+0.57B
Ni 13.81+4.32b 16.24+3.61a 13.64+18.88B 589.13+93.58A
Al 12.41+10.57b 35.67+34.92a 26 810.39+13 560.57A 3.50+1.63B
Sr 10.51+3.53a 8.74+2.46b 99.03+41.96A 61.53+10.67B
Na 10.25+4.65a 71.34+353.72b 9.67+0.97B 9.87+1.22A
Cu 9.87+2.44b 11.29+1.62a 20.67+1.45B 27.03+2.42A
Ba 6.00+2.42a 5.26+2.06b 458.84+99.79A 1.19+0.63B
Lu 0.34+0.10a 0.17+0.09b 0B 0.44+0.38A
Mo 0.24+122.988b 0.41+0.52a 1.13+0.16B 9.82+0.85A
Cr 0.14+0.31a 0.11+0.37b 85.94+24.11A 4.26+2.36B

I ANRNEF RN E R T RUT R EFAEREEER (P<0.05); NFKEFRFRRLEER DT VST R AR ENER (P<0.05). FH.
Note: Different lowercase letters indicate significant differences in mineral elements between soybean samples (P<0.05). Different capital letters indicate significant

differencesin mineral elements between soil samples (P<0.05). The same below.
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Table3 Content of trace minera element of
soybean in different regions

IR T Jezzihi FFEHE IR Jezzihi
% TR BT TR TR
Element Soybean _&amples Soybean sa_mples Soil wrnpla Soil wmpla
from Qigihar from Bei'an from Qigihar from Bei'an
l(ug-kg™) /(ug-kg™) (mg-kg?)  K(mg-kg™)

Co  73.33+24.82b
Tb  65.95+106.80b 465.18+126.94a

110.08+68.92a  13.34+1.49A 84.73+34.14B

3.52+1.07B 400.03+101.20A

Th  58.97+124.47a  34.97+99.68b 5.90+3.78A  0.81+0.62B
Sc  43.58+191.68a 5.41+29.52b 0.15+0.35B  15.01+1.06A
Se  43.27+15.83b 58.41+12.49a 0.68+0.43B  22.36+3.60A
Cs  31.17+16.76b 39.37+21.56a 3.84+1.50A 0B
Cd  24.68+10.88b 31.95+15.76a 0.08+0.01B  6.23+5.54A
Hf  24.35£20.30a 4.45+5.39b 3.87+0.31A  1.86x1.59B
Pb  12.34+4.35b 13.55+6.57a 23.39+1.47A  0.12+0.09B
As  10.10+3.02b 12.76+2.35a 11.37+1.54A  4.38+12.36B
Au 9.51+5.09a 4.92+8.16b 0B 0.31+0.25A
\% 7.25+£3.14b 7.59+4.56a 80.01+3.32A  4.45+2.42B
La 3.62+4.16a 2.25+2.14b 13.86+12.56A 0B
Nd 2.89+3.01a 1.88+2.01b 12.92+11.19A  3.03+4.17B
Pd 2.33+2.55a 0.28+£0.77b 0B 39.98+22.81A
Ce 1.99+7.11a 0.99+5.38b 29.70+26.77A  0.14+0.01B
Ag 1.62+1.26a 1.04+0.93b 0.14+0.01B  92.85+41.37A
Ti 0.92+0.61b 1.66+1.01a 0.60+0.03B  0.92+0.73A
Ir 0.92+0.71a 0.10£0.19b 0B 5.00+0.64A
Te 0.86+1.88a 0.21+0.47b 0.03+0.02B  0.99+0.18A
0.82+0.43b 0.87+0.60a 0B 1.53+1.25A
U 0.63+1.20a 0.35:0.88b 2.72+0.25A 0.00+0.02B
0.62+0.90a 0.23£0.52b 3.37+0.30A  0.10+0.03B
Dy 0.24+0.18b 0.29+0.44a 1.80£1.39B  10.56+10.41A
Sm 0.21+0.53a 0.07+0.25b 2.47+2.09A 0B
Eu 0.17+0.14a 0.03+0.06b 0.53+t0.43A  0.03+0.02B
Yb 0.10+0.10a 0.05£0.10b 1.02+0.66B  2.02+1.81A
Gd 0.08+0.30a 0.05£0.23b 221+1.80B  3.34+1.49A
Er 0.06+0.08a 0.02+0.11b 1.05+0.78B  2.63+2.48A
Tm 0.02+0.04a 0.00£0.01b 0.14+0.78B  10.17+9.49A
Ru 0.01+0.03b 0.02+0.04a 0B 0.49+0.40A
Ho 0.00+£0.01b 0.01+0.03a 0.36x0.27B  23.11+21.49A
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Table4 Satistical information of principal component analysis
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Number of FFIEE Vari Cumulati
rincipal Eigenvalues vanance um aive
P contribution rate/%  contribution rate/%
components
1 8.74 19.58 19.58
2 6.76 15.24 34.82
3 5.82 12.47 47.29
4 353 7.95 55.24
5 2.09 464 59.88
6 2.01 451 64.39
7 1.98 4.34 68.73
8 181 3.69 72.42
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Table5 Classification result of discriminant analysis of mineral
element in soybean

Hhsk R A Tl 45 4 Predicted result EH%

Region  Sample numbers FFMIR Jhae Correct rate/%
FFFIEIR 26 25 1 96.2

b 21 1 20 95.2
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Table6 Pearson correlation coefficients of mineral e ement
content between soy and soil samples

W ¥7c % Mineral elements AH9% & $ Correlation coefficient

As 0.26*
Ru 0.30*
Gd 0.22*
Tb 0.49**

e oy e B RIRORTCR D BAERE ML A B AOG . WA (P<0.05.
P<0.0D)

Note: ‘*’ and ‘**’ mean the element content between different samples is
significantly correlated at the level of P<0.05 and P<0.01, respectively.
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Table7 Classification result of discriminant analysis of mineral
element closely related between soybean and soil samples
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Origin traceability of Hellongjiang soybean using
fingerprint of mineral elements

Lu Baoxin, Zhang Dongjie™
(College of Food Science, Heilongjiang Bayi Agricultural Universitiy, Daging 163319, China)

Abstract: Chinais amajor production country of soybeans. A number of geographical indication products (such as soybeans
in the Qiqgihar region and soybeans in the Bei’an area) have been formed in long-term climate environments and specific
geographical locations. The establishment of source traceability technology for the soybean production with geographical
indication provides a strong technical support to improve the reputation of production enterprises and market competitiveness.
Identification of the information to be recorded is the most important requirement for developing an effective traceability
system. The feasibility analysis with mineral composition fingerprint technique for geographical origin traceability of
Heilongjiang soybean and the screening of effective indicators to determine origin place of Heilongjiang soybean were
performed in this research. The contents of 52 mineral elements including Na, Mg, Al, and K in 50 soybean samples from
Qigihar and Bei’ an were measured using inductively coupled plasma mass spectrometry (ICP-MS), and then variance analysis
(VA), principal component analysis (PCA) and discriminant analysis (DA) were performed with the data. The contents of 46
mineral elements of the soybeans significantly differed among regions, which suggested that these mineral components could
be used for origin traceability of Heilongjiang soybean. Based on the scree plot and the contribution rate of variance, 8
principal components were extracted by the PCA to establish the origin discrimination model using the DA. The overall
criterion rate of crossing examination of the model was 95.7%, which confirmed that the models could accurately discriminate
the origin place of soybean. The contents of Al, V, Ag, Cd, Ba, Th, Pt and Au showed effective judgment on soybean samples
from Qigihar and Bei’ an. In order to further explain the relation between mineral element contentsin soil and those in soybean,
Pearson correlation analysis was carried out. The contents of As, Ru and Gd in soybean were positively related with those in
soil, while the content of Tb in soybean was highly positively related with that in soil. The discriminant model formed by 4
mineral elements was proved to discriminate the sources of the whole samples correctly. The correct discrimination rates of the
models for Qigihar and Bei’an were 96.2% and 100% respectively. Therefore, the mineral element fingerprint technology is
feasible to determine the origin place of soybean.

Keywords: agricultural products; minerals; soils; soybean; origin traceability; fingerprint



