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Fig. 4. Comparison of the mean effect of sample diameter on the Measured capacitance of tomato samples.
Similar letters indicate that there is no significant difference among the different treatment levels.
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Fig. 6. Comparison of the mean effect of sample diameter on the Brix content of tomato samples.
Similar letters indicate that there is no significant difference among the different treatment levels.
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Fig. 9. Comparison of the mean effect of sample diameter on the acidity content of tomato samples.
Similar letters indicate that there is no significant difference among the different treatment levels.
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Fig. 9. Comparison of the mean effect of sample diameter on the energy content of tomato samples.
Similar letters indicate that there is no significant difference among the different treatment levels.
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Abstract

In this study, a parallel-plate capacitive sensor system was designed, developed, and evaluated for the
non-destructive assessment of tomato ripeness. The primary objective was to investigate the system's
capability to estimate the quality and physicochemical characteristics of tomatoes based on variations in
their dielectric properties. Tomato samples (cv. PS) were classified into three diameter groups (less than 4
cm, 4-6 cm, and greater than 6 cm) and tested under a completely randomized design. The capacitance of
the samples was measured using an RC circuit integrated with an Arduino UNO board. In addition, physical
properties (dimensions and weight), mechanical properties (firmness), and chemical properties ( titratable
acidity, and total soluble solids) were determined under laboratory conditions. Data were analyzed using
SAS software within a completely randomized design framework. The effects of plate spacing and sample
diameter were evaluated through analysis of variance (ANOVA), and mean comparisons were conducted
using the LSD test at the 5% significance level. The results indicated that fruit diameter had a significant
effect on most physical and chemical properties, whereas plate spacing primarily influenced the samples’
dielectric response. Moreover, the interaction effect of plate spacing and fruit diameter on the dielectric
constant was significant at the 1% probability level, demonstrating the high sensitivity of the developed
sensor system. Increasing fruit diameter increased the dielectric constant and decreased parameters such as
total soluble solids (°Brix) and firmness. In contrast, variations in plate spacing did not significantly affect
the physical and chemical characteristics of the samples. Overall, the findings demonstrated that the
proposed capacitive sensing system is a promising tool for the non-destructive evaluation of tomato ripeness
and can be applied as a rapid, cost-effective, and accurate technique in postharvest quality assessment.

Keywords: Tomato, Non-destructive Evaluation, Measured capacitance, Physical and Chemical
Characteristics, Capacitive Sensor
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