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Nondestructive Detection of Apple Mouldy Core Based on Bioimpedance Properties
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Abstract: In order to explore and establish an non-destructive method for the detection of mouldy core in apples, the
changes of seven impedance parameters with frequency and three physiochemical quality properties were measured on
normal fruits and mouldy-core fruits of Fuji apple using LCR instrument under 100 Hz to 3.98 MHz, 1.0 voltage and
constant temperature of (20 £ 1) C. The results showed that with increasing frequency, complex impedance (Z) and
parallel resistance (R,) of apples revealed a decrease whereas susceptance (B) and conductance (G) exhibited an increase.
Significant linear relationship between lgf and 1gZ or 1gB was observed, respectively (R > 0.99); phase angle (), logarithm
of parallel capacitance (IgC,) and logarithm of loss coefficient (IgD) revealed a fluctuating trend, with 1, 2 and 3 turning
points, respectively. Mouldy-core incidence did not change the trend of each impedance parameter-frequency curve in fruits,
but the values of some parameters were altered, for example, Z decrease, B and C, increased. Totally 27 specific impedance
parameters with non-zero loading coefficient for the construction of 14 effective principal components were screened
through sparse principal component analysis (SPCA). When recognizing mouldy-core fruits using classifiers of support
vector machine (SVM) and artificial neural network (ANN), SVM provided higher accuracy. In addition, in 10 cross-
validation classification tests, mouldy core fruits could be discriminated with an accuracy of 94%, confirming the validity of
impedance parameters screened and the feasibility of SPCA-SVM analysis software for discriminating mouldy-core from
normal fruits. Moreover, the incidence of mouldy-core fruits presented a decrease in density and soluble solid contents in
comparison to normal fruits, which provided a physiochemical basis for changes in bio-impedance properties.
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Fig.1  Change in impedance (Z) and parallel resistance (R,) of fruits

with frequency
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Fig.2  Change in susceptance (B) and conductance (G) of

fruits with frequency
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Table1l Specific impedance parameters and their loading coefficient for the least 14 SPCs required for the maximum classification accuracy
BHGH FIER/Mz - SPCI SPC2 SPC3 SPC4 SPC5 SPC6 SPC7 SPC8 SPCY SPCI0  SPCI1 ~ SPCI2  SPCI13  SPCl4
100 0 0 0 0 0 0 0 0 0 0 -0.3004 0 0 0
251 0 0 0 0 0 0 0 0 -0.3327 0 -0.3012 0 0 0
631 1 0 0 0 0 0 0 0 -0.3332 0 -0.3017 0 0 0
1580 0 0 0 0 0 0 0 0 -0.3335 0 -0.3019 0 0 0
3980 0 0 0 0 0 0 0 0 -0.3336 0 -0.302 0 0 0
21k v 10000 0 0 -0.5773 0 -0.4471 0 0 0 -0.3337 0 -0.302 0 0 0
25100 0 0 -0.5774 0 -0.4473 0 0 0 -0.3336 0 -0.302 0 0 0
63100 0 0 -0.5773 0 -0.4473 0 0 0 -0.3335 0 -0.3019 0 0 0
158000 0 0 0 0 -0.4473 0 0 0 -0.3333 0 -0.3017 0 0 0
398000 0 0 0 0 -0.4471 0 0 0 -0.333 0 -0.3014 0 0 0
1000000 0 0 0 0 0 0 0 0 0 0 -0.3004 0 0 0
1580 0 -0.7071 0 0 0 0 0 0 0 0 0 0 0
3980 0 0 0 0 0 0 0 0 0 0 -0.2883 0277 -0.2669
10000 0 0 0 0 0 0 0 0 0 -0.3161 0 -0.2888 02775  -0.2674
JRHC 25100 0 0 0 0 0 -04082 03779 -0.3535 0 -0.3163 0 -0.2889 02776 -0.2676
" 63100 0 0 0 0.5 0 -0.4083 0378  -0.3536 0 -0.3164 0 -0.2889 02776  -0.2676
158000 0 0 0 -0.5 0 -0.4082  -0378  -0.3536 0 -0.3163 0 -0.2888  -02776  -0.2676
398000 0 0 0 0 0 0 03778 -0.3534 0 -0.3161 0 -0.2885 02773  -0.2673
1000000 0 0 0 0 0 0 0 0 0 0 0 0 0 -0.2666
1580 0 -0.7071 0 0 0 0 0 0 0 0 0 0 0 0
3980 0 0 0 0 0 0 0 0 0 0 0 -0.2883  -0.277  -0.2669
10000 0 0 0 0 0 0 0 0 0 -0.3161 0 -0.2888  -0.2775  -0.2674
B 25100 0 0 0 0 0 -0.4082  -03779  -0.3535 0 -0.3163 0 -0.2889  -0.2776  -0.2676
63100 0 0 0 -0.5 0 -04083 0378  -0.3536 0 -0.3164 0 -0.2889  -0.2776  -0.2676
158000 0 0 0 -0.5 0 -04082 0378 -0.3536 0 -0.3163 0 -0.2888 02776 -0.2676
398000 0 0 0 0 0 0 0 -0.3534 0 -0.3161 0 -0.2885 02773 -0.2673
1000000 0 0 0 0 0 0 0 0 0 0 0 0 -0.2764  -0.2666
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