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Discriminating Domestic Soybeans from Imported Soybeans by
20 MHz Pulsed NMR |

Jeong-Hae Rho*, Sun-Min Lee, Young-Boong Kim and Taek-Soo Lee'

Korea Food Research Institute =
'Department of Food and Microbial Technology, Seoul Women's University

A 20 MHz pulsed NMR systems was employed to discriminate the geographical origin of soybeans and black
beans (yak-kong) from Korea and foreign countries. Crude fat contents measured by soxhlet method were
significantly (p<0.05) different between domestic and imported soybeans, Moisture and crude protein contents,
measured by AOAC, were significantly different between domestic and imported black beans. In soybeans, values
by solid fat content method and Carr-Purcell-Meiboom-Gill (CPMG) method using 20 MHz pulsed NMR showed
the significant difference among soybeans from various the geographical origins. In black beans (yak-kong), NMR
values measured by NMR except T, SR pulse sequence revealed the significant difference by the geographical
origins. The habitat of soybeans and black beans could be identified by canonical discriminant analysis of
chemical composition with 70~91.7% accuracy. Low field NMR data followed by discriminant analysis, however,
granted the 100% of accuracy for classification of soybeans.

Key words: 20 MHz pulsed NMR, soybean, black bean (vak-kong), origin, canonical discriminant analySis
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Aol o4 -7]71= NMS 120(Bruker Gmbh, Germany)
S 2 10 VTS(various temperature) probeE A}&3lgGom,
NE FEo H73L 10mm ey, FHPEL Rho FV0)
AN HE7IHE o]l &5ATh &, 90 pulseE o] &%
SFC(solid fat content)®} &) €AIZH(T,, spin-lattice relax-
ation time)?] %Y < T,-IR(inverse recovery: 180°-1-90°
pulse)@} T, -SR(saturation recovery: 90°-1-90°-t pulse), o]
YA 7HT,, spin-spin relaxation time) =<l T,-SE(spin
echo: 90°-1-180°-1-180° pulse), T,-CPMG(Carr-Purcell-Mei-
boom-Gill method)E 78} tH(Table 1). NMR 244 o]
83 AEE Fol7t 4em WVt HEE FH YW3lon,
33 WHE =39

SAEN

7t EY A= SASE of€3te ttesto]l 93] FoAHS
7"733} on, AiA WES SASE o] &-3le] UrkAR sk

1He o) &39S we NMRE 543§ relaxation time?} SFC
E}Etﬁ 0130}9\3" 2 o 7&?-7?—74 +-2] (canonical dis-
criminant analysisyS A|&SIGHH?, F 2§02 FEAL
v FEE,E Mahalanobis AZ]E FEabe] ARG o,
Z} A X7 A ol &8 ALS EE(posterior probability)y-
AAZEE FEAG 7 dukstE A2l (general squared
distance: DYE ©] 8314 tha3t o] AL + Uk

exp(~0.5D; (X))

Pr(j|X) =
T exp(-0.5D,(X))
k=0
g3 o oF
e

Ak sk BAFe] dubdE AL Table 291 2
o] & Fke Fate]l 990 0.56%, FUATCl 1046%
1.06%2 verdon, g ulats $9)ate] zhzt
17.68+1.41%, 19.74+1.42%, %‘1‘1‘%‘ e ghe4te] 38.15
+3.19%, FYAr0] 3696+ 1.05%, 3B TFF2 FuUikd ¢
Qlato) 747t 4.73+£022%, 4.78%+0.10%2 JepiAT. o]&3
A= Kim 59] Uit Fo] RS 3dEge] 74
7} 10.93~12.57%%} 3.95~523% [the Balsh fARe A
2 YeEhled, Kim §Mo] 249 EFEAYE o8
Fo] IdwgE-& A3 A% A gl AREE Feo
ZA 2 zehg el geko) Z}Z} 19.0:+1.8%%F 40.7+5.0%
Athe B9l IRk FFE el o] T #%9
G017 zlolE Hol FEL Zx]tﬂ- ko 2 19, oA &
At foAdE Yepion, Fujik Hlaﬂ 79 FAFo] ¢

=
2% & A% FFE A AL € Ao

Table 1. Instrumental parameters of NMR measurement for soybeans and black beans (yak-kong)

T, relaxation T, relaxation
IR SE CPMG
Pulse separation 7.500 ms 7.000 ms 1.100 ms 1.020 s
Delete sample window 0.050 ms 0.050 ms . :
Sample window 0.010 ms 0.010 ms 0.02 ms
Duration factor 1.20 1.35
Data point 40 20 550
Scan number 2 4 4
Recycling delay 1.5 1.5 1.5
Table 2. Chemical composition by geographical origin in soybeans” (%)
Origin Moisture Crude fat Crude protein Ash
Domestic 990+ 0.56 17.68 £ 1.41* 38.15+3.19 4.73+£0.22
Imported 1046 + 1.06 19.74 + 1.42* 36.96+ 1.05 478+ 0.10

VANl values are mean + standard deviation.
*significantly different at p<0.01 by Student's t-test.
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Table 3. Chemical composition by geographical origin in black beans (yak-kong)® (%)
Origin Moisture Crude fat Crude protein Ash
Domestic 9.27+£0.89* 19.32+1.90 40.78 £ 2.20* 475+£0.20
Imported 11.78 £ 1.94* 20.05+ 091 3743+ 1.64% 459+042

DAL values are mean + standard deviation.
*significantly different at p<0.001 by Student's t-test.

Table 4. 20 MHz NMR values by geographical origin in soybeans

T, relaxation (ms)

T, relaxation (ms)

Sample SFee IR SR SE CPMG
D-1 6138 109 102 56 92.7
D-2 61.83 107 106 52 88.6
D-3 61.26 93 91 48 792
D-4 61.65 97 91 51 79.2
D-5 62.95 112 107 53 94.4
D-6 65.86 109 104 50 923
D-7 59.19 109 107 51 87.2
D-8 59.87 103 101 52 90.2
D-9 61.00 104 101 50 86.1
D-10 6121 100 97 50 92.1
L1 _ 59.02 116 12 54 80.5
12 60.86 118 109 52 729
13 51.82 91 90 51 717
14 51.49 89 89 51 76.0
15 55.13 98 95 52 73.9
16 53.79 99 96 52 81.2
7 59.20 100 95 54 740
18 57.17 107 100 56 79.7
19 61.50 ‘ 116 106 51 726
I-10 6034 115 106 55 70.0
11 57.14 12 114 52 772
12 56.95 120 119 51 86.2
113 64.18 117 101 50 729
1-14 62.90 126 101 51 83.0
L15 5636 101 101 52 81.9
I-16 56.51 105 101 53 74.6
117 57.63 112 102 51 83.0
1-18 58.05 109 99 52 724
1-19 5791 111 103 52 80.0
120 5831 116 105 52 86.8

Domestic 61.62 + 1.81 1043 £ 6.09 100.7 £5.98 513£2.16 88.2 & 5.40°*

Imported 57.81%3.28* 108.9 £9.92 1022757 522£151 775+ 5.10%%

Ymean + standard deviation.
*significantly different at p<0.01 by Student's t-test.

*%p<0.001.
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Table 5. 20 MHz NMR values by geographical origin in black beans (yak-kong)

T, relaxation (ms)

T, relaxation (ms)

Sample SFEC (%)
IR SR SE CPMG
D-1 9591 98 92 51 71.1
D-2 64.87 104 100 52 86.5
D-3 61.10 104 101 49 82.8
D4 63.23 106 99 51 88.1
D-5 63.07 112 104 50 86.9
D-6 64.59 113 105 52 87.0
D-7 62.21 120 114 52 78.3
D-8 62.10 121 114 52 81.9
D-9 58.79 98 92 52 84.7
D-10 58.09 929 92 53 90.0
D-11 65.98 123 113 51 85.6
D-12 ) 65.92 125 112 53 82.6
I-1 53.68 96 93 52 752
12 52.83 97 94 51 77.1
I3 52.85 102 96 52 70.1
14 53.81 100 96 52 70.9
I-5 5242 100 96 51 804
1-6 53.09 99 96 52 75.3
17 52.80 95 9 51 82.2
1-8 50.38 99 99 53 80.7
19 59.36 126 119 54 86.8
I-10 59.37 119 115 54 81.8
I-11 51.26 9. 92 53 79.6
I-12 50.07 93 90 53 721
I-13 53.39 93 93 54 719
I-14 53.53 95 93 52 70.6
Domestic 63.24 £ 2.62%*x* 1103+ 10.11* 1032+ 8.63 5150 £ 1.17* 83.79 £ 5.10%*
Imported 53.49 £ 2,75%%** 1005+ 9.85* 91.5+£2522 52.43 £ 1.09* 76.81 £ 5.22%*

Pmean + standard deviation.

*significantly different at p<0.05 by Student's t-test.
**p<0.01.

*H+%p<0.001.
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Table 6. Posterior probability of membership in origin using canonical discriminant analysis for soybeans

Posterior probability of membership in origin
From Origin by chemical composition" by 20 MHz pulsed NMR”
Domestic Imported Domestic Imported

Domestic 1.0000 (3)? 0.8431 1.0000 (9)
0.9992 0.5763 0.9979
0.8537 0.5090
0.7850
0.7792

Imported 0.6182 1.0000 (2) 1.0000 (16)
0.5883 0.9999 (2) 0.9998
0.9994 0.9987
0.9992 0.9889
0.9988 0.7331
0.9947
0.9809
09771
0.9692
0.9589
0.9268
09134
0.8555
0.8508
0.6889
0.5169

Ymoisture, crude fat, crude protein, ash content.
2SFC, T-IR, T -8R, T,-SE, T,-CPMG.
The value in parenthesis is a number of same posterior probability.

(Cd 16b-93)2 2, 7+ SHHLE AOCS Cd 16-818 A o]} #A13IAl NMR ElolHE o83l wole 100%2
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S8R eI, o FUN FeTe FUMOE HEIF FLE 1FoE
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Table 7. Posterior probability of membership in origin using canonical discriminant analysis for black beans (yak-kong)

Posterior probability of membership in origin

From Origin by chemical composition” by 20 MHz pulsed NMR?
Domestic Imported Domestic Imported
Domestic 1.0000 0.6119 1.0000 (10)”

0.9974 0.9996

0.9924 0.9992

0.9985

0.9936

0.9602

0.9439

0.9418

0.9284

0.7115

0.6686

Imported 0.7079 1.0000 (2) 1.0000 (12)

0.5591 0.9129 0.9940
0.9686 0.8707
0.9932
0.9971
0.9930
0.9956
0.8631
0.9984
0.9871
0.8819

Pmoisture, crude fat, crude protein, ash content.
“SFC, TR, T,-SR, T, SE, T,-CPMG.
¥The value in parenthesis is a number of same posterior probability.
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