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Measurement of Permittivity and Moisture Content of
Powdered Food at Microwave Frequencies

K. B. Kim

J. H. Kim

J. M, Lee

In this study, the microwave free-space transmission technique was used to measure the dielectric property of powdered
food at microwave frequencies. The sample holder was designed and fabricated to transmit the microwave signals ranging
from 1 to 15 GHz. From the microwave propagation theory the equation expressing the dielectric property of powdered
food was derived and validated by standard dielectrics. The dielectric property of powdered food such as wheat flour, coffee
powder and milk powder was measured and analyzed. In the uniform range of bulk density of material, the real parts of
permittivity of the food samples increased with the increase of moisture content, bulk density and temperature of the
samples. The propagation properties such as attenuation and phase shift increased linearly as the moisture density of the
food samples increased. As a measuring frequency of the moisture content, the X-band was recommended.

Keywords : Microwave, Powered food, Moisture constant, Permittivity
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Fig. 1 Microwave free-space transmission measurement system.
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Fig. 2 Dielectric constant (left) and loss factor (right) of the wheat flour at several frequencies.
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Fig. 3 Dielectric constant (left) and loss factor (right) of the milk powder at several frequencies.
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Fig. 4 Dielectric constant (left) and loss factor (right) of the coffee powder at several frequencies.
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7ol 7}45} 74_i A9t} 53] X-bandQ! 10.0 GHz 324 @4— 338 Axdt AR vl o) 4
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ol $EEY oG Dol ALGETh B, B ATl 4Y s Zow BRI
Table 1 Determination coefficients of the regression models for moisture density
Determination coefficients
Samples Ini:lfizr;?:m Model 15 GHz 30 GHz 7.0 GHz 100 GHz 150 GHz
P =0 A+, 0.981 0.961 0.901 0.982 0.940
Attenuation p,=aAA*+a AA+ a, 0.981 0.963 0.964 0.990 0.957
Wheat P, = apAA’+ a,AA* + g AA + g 0.981 0.964 0.984 0.990 0.976
flour =@, Aw + a, 0.960 0.963 0.964 0.951 0.862
Phase shift D, = aAw?+ g, Ay + g 0.960 0.963 0.967 0.960 0.939
P, = a;Ap? + a, 0y + a, Ay + g 0.961 0.963 0.972 0.992 0.967
p,,=ahA+a, 0.866 0.940 0.875 0.946 0.963
Attenuation D, = ahA*+a,0A+ a, 0.970 0.945 0.902 0.986 0.977
Milk p,=apAA + a,AA*+ g AA+ g 0.980 0.965 0.946 0.992 0.984
powder D= ;A0 + a 0.939 0.910 0.926 0.973 0.986
Phase shift 0,,= adv’+a,Aw + 0.966 0.951 0.957 0.981 0.987
P = a0+ a,Ay% + a, Ay + a 0.968 0.952 0.957 0.981 0.987
p,,=aAA+a, 0.832 0.727 0922 0.921 0.960
Attenuation p,= ahAA*+ a|0A + a, 0.865 0.823 0.926 0.929 0.974
Coffee 0, = aDA’+ ayAA* +a; DA+ ag 0.865 0.832 0.926 0.931 0.976
powder p,,= a0 + a, 0.945 0.945 0.880 0.911 0.942
Phase shift 0,=adv’+a 0y + g, 0.954 0.953 0.977 0.951 0.964
= g,0u° + g, A’ + g, Ay + g 0.954 0.954 0.974 0.951 0.993
p.=ahAA+a, 0.785 0.431 0.378 0.673 0.939
Attenuation p,=aAA +a,AA+ a, 0.879 0.475 0.761 0.858 0.962
All p, = aAA3+ a,AA + a,AA + 0.914 0.721 0.454 0.953 0.967
samples P, = @Ay + 0.892 0.833 0.663 0.187 0.001
Phase shift 0,,= aAw?+ g, Ay + g, 0.902 0.833 0.206 0.194 0.065
D, = apw + ay Ayl + g, Av + g 0.902 0.834 0.502 0.196 0.132
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