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Development of Nondestructive Moisture Sensor for

Agricultural Products Using Hydrogen NMR : Feasibility Experiments
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Summary

Nuclear magnetic resonance(NMR) was used to study a feasibility test for the possibility to develop
a moisture sensor applicable for agricultural products such as raw and powdered grain. Samples of
wheat flour and brown rice were tested with a 200MHz hydrogen NMR. The samples were loaded into
5mm NMR glass tubes and 30° pulses were supplied to get resonance signals. Hydrogen spectrum inte-
nsities of the samples were compared to moisture content measured by a drying oven method. High
linear correlations were obtained between the hydrogen spectrum intensity and moisture content. The-
refore, moisure contents of agricultural products could be measured nondestructively utilizing the NMR
principle. A low-cost design concept of the moisture sensor with the NMR principle was proposed for
a practical use.
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Fig 1. Without a magnetic field(a) and within a magnetic field(b)
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Fig 2. Macroscopic magnetization M and relaxation of a resonance signal
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Fig 5. Hydrogen NMR spectrum of wheat flour having 14.27% moisture content
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Table 1. The moisture contents and their corresponding integrations of NMR signals of the wheat flour
samples
Weight Unit - g
Sample Werg.hf of Weigh .before Welght. after Moisture Spectrum
No aluminium drying drying Content Integration
. foil box (including box) (including box) (%) grd
1 0.79 23.70 2043 14.27 75.00
2 0.69 2154 18.77 13.29 64.24
3 0.73 19.74 17.32 12.73 62.98
4 0.78 17.70 15.59 1247 58.40
5 0.72 20.90 18.57 11.55 47.36
6 0.75 26.56 23.84 10.54 51.16
7 0.73 18.26 16.63 9.30 4124
8 0.74 25.63 23.36 9.12 34.01
9 0.69 22.38 20.65 7.98 2295
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Fig 6. The correlation bewteen the moisture content and the integration of hydrogen NMR spectrum

of the wheat flour samples
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Table 2. The moisture contents and integrations of hydrogen NMR signals of the brown rice

samples
Weight Unit © g
Sample Welg.hf of Weigh 'before Wexgh? after Moisture Spectrum
No aluminium drying drying Content Integration
) foil box (including box) (including box) (%)
1 2.65 4251 3048 30.12 54463.50
2 2.74 40.19 29.35 28.95 50923.37
3 272 4225 32.00 25.93 48358.74
4 2.66 38.54 30.51 22.38 46903.12
5 267 36.80 3131 16.10 3377542
6 2.60 38.60 33.34 14.58 33671.65
7 2.65 35.73 3120 13.69 34435.56
8 2.66 34.00 30.80 10.21 24668.47
9 262 34.22 32,04 . 690 19104.91
10 2,67 36.12 33.90 6.63 23036.45
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Fig 7. The correlation bewteen the moisture content and the integration of hydrogen NMR spectrum

of the brown rice samples
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