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The Geographical Discrimination of Korean and Chinese Soybeans
(Glycine max(L.) merrill) Using NMR Relaxation Methods

Mi Hyun Kim, Jeonghae Rho*, and Cherl-Ho Lee'

Korea Food Research Institute
'School of Life Science and Biotechnology, Korea University

Abstract To discriminate the geographical origin (Korea vs. China) of soybean (Glycine max(L.) merrill) samples
(Korean samples n=25, Chinese samples n=24), proximate composition of soybeans and relaxation times were analyzed
using low field NMR. Composition results indicate that there are no significant differences in moisture, fat, or ash contents
between soybeans. The crude protein content of Korean soybeans, however, was higher than that of Chinese soybeans
(p<0.05). The relaxation times of T1-IR (»p<0.0001), T1-SR (p<0.0001), and T2-SE (p<0.0086) in Korean soybeans were
longer than those in Chinese soybeans. The geographical origin of soybeans could be identified using a canonical
discriminant analysis using two relaxation times (T1-IR and T1-SR) with 96% accuracy. Furthermore, in this study, a
canonical discriminant analysis using four relaxation times (T1-IR, T1-SR, T2-SE, and T2-CPMG) could discriminate the
geographical origin with 100% accuracy. It was possible to identify the geographical origin of Korean and Chinese
soybeans using relaxation times from 10 MHz NMR.
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Aol o]g¥ 7]7]%= NMS 110(Bruker GmbH, Rheinstetten,
Germany)© 2 45 RTS probes AME-3l91oH, A5 FHO A7
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Table 1. Instrumental parameters of NMR measurement for
soybeans
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Table 2. Statistical analysis (t-test) of imported and domestic
soybeans

Sample Moisture Crude fat  Crude protein Ash
Domestic ~ 9.6+1.8" 15.8£2.6  374+1.66*  4.8+0.3
Imported  11.3+1.6 14.8t1.6  35.7+3.66 4.2+0.2

YMean+SD

*Significantly different at p<0.05 by Student’s t-test

Table 3. Statistical analysis (t-test) of imported and domestic

IR SR SE CPMG soybeans
Pulse separation 7.500ms 11.000ms 1.10ms 1.10 ms Samol T, relaxation (ms) T, relaxation (ms)
Data sample window  0.050 ms 0.050 ms ampie IR SR SE CPMG

?)am" le Wlfndow 0.011(2)0ms 0‘011(1)0’“5 0'012(2)0“ Domestic 96.1+11.27%% 89.0+10.1%* S1.1424%  88.7+62

uration factor ; ; : Imported  79.248.1 782473 494+16  863+3.1

Data point 40 60 35 250 S

Mean+SD

Scan Tlumber 2 2 4 > *Significantly different at p<0.05 by Student’s t-test

Recycling delay 05 0.5 0.5 0.5 **Significantly different at p<0.005 by Student’s t-test
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Table 4. Posterior accuracy of canonical discriminant analysis by low-field NMR

Number of ) Posterior accuracy
. Variables
variables Domestic Imported Total Accuracy (%)
| TSR Domestic 18 7 25 72
" Imported 3 21 24 88
{ TR Domestic 19 6 25 76
" Imported 2 2 24 92
5 T IR T-SR Domestic 24 1 25 96
e Imported 1 23 24 96
3 T,-IR, T,-SR, Domestic 24 1 25 96
T,-SE Imported 0 24 24 100
4 T-IR, T,-SR, Domestic 25 0 25 100
T,-SE, T,-CPMG Imported 0 24 24 100
ol &g FUIAL 3 Al W 4 Uk FsAS SRlsk, B RYOW FHUE 4F F 1FW] FRNoR oy
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Table S. Posterior probability of membership in origin using
canonical discriminant analysis for domestic soybean

T,-IR, T,-SR, T,-IR, T,-SR,
T,-SE T,-SE, T,-CPMG

T-IR, T,-SR

Domestic Imported Domestic Imported Domestic Imported

1.0000(19)” 0.6338 1.0000(20) 0.7045 1.0000(21)

0.9994 0.9995 0.9995
0.9971 0.9830 0.9947
0.9874 0.9777 0.9901
0.9816 0.9738 0.9000
0.8904

DThe value in parenthesis is a number of same posterior probability.

Table 6. Posterior probability of membership in origin using
canonical discriminant analysis for imported soybeans

TR, T-SR, TR, T,-S
TRTSR TP S Gaa
Imported Domestic Imported Domestic Imported Domestic
0.9890 0.7781 0.9948 0.9995
0.9880 0.9940 0.9994
0.9877 0.9930 0.9993
0.9814 0.9893(2)" 0.9982
0.9877 0.9875 0.9971
0.9841 0.9865 0.9969
0.9769 0.9854 0.9967
0.9767 0.9844 0.9966(2)
0.9713 0.9816 0.9952
0.9699 0.9717 0.9945
0.9627 0.9655 0.9921
0.9481 0.903 0.9871
0.9340 0.9290 0.9825
0.9256 0.9220 0.9773
0.9254 0.8995 0.9650
0.9236 0.8988 0.9607
0.9176(2) 0.8983 0.9594
0.9093 0.8979 0.9363
0.9005 0.8539 0.9271
0.8848 0.8525 0.9052
0.8651 0.8079 0.8766
0.7841 0.7245 0.6813
0.6909 0.6765

DThe value in parenthesis is a number of same posterior probability.
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