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Abstract. Nutmeg (Myristica fragrans Houtt) is an endemic fruit essential in the food industry; 

nevertheless, local farmers still rely on conventional methods to determine harvest time. The 

objectives of the research are to determine the freshness and ripening of nutmeg using the 

Electrochemical Impedance Spectroscopy (EIS) method. This study investigates the impedance of 

ripe and unripe nutmeg after five days of storage at 27°C and 4°C within a frequency range of 0–

15 MHz.  Ripe fruit has an impedance of 2-6 M, lower than unripe fruit at 9-12 M.. The high 

and steady impedance at low frequencies indicated the low moisture content and preserved 

cellular integrity of the ripe fruit. In contrast, the impedance of unripe fruits decreases gradually, 

indicating greater permeability and tissue disintegration. Advanced tissue breakdown reduces 

impedance despite decreasing water content, and these electrical changes are associated with 

mass loss from respiration and dehydration. The weight of nutmeg remains stable at lower 

temperatures but decreases at room temperature. The findings demonstrate that EIS is a rapid and 

non-invasive technique for assessing nutmeg maturity and postharvest quality, supporting more 

accurate prediction and improved storage management. 
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1. Introduction 

Electrochemical impedance spectroscopy (EIS) is a non-destructive technique used to 

determine a material's properties. The observation of different material qualities, influenced by 

variables such as chemical composition, moisture content, and acidity (pH), and hydrogeology, is 

made possible by this technique [1–4]. Electrical impedance, a complicated quantity, represents a 

material's reactive and resistive characteristics when exposed to alternating current (AC). 

Important detailed information about a sample's resistive, magnetic, dielectric, and other physical 

properties can be obtained precisely and non-destructively using this method [5–8].  

Applying an AC signal to a material at an appropriate frequency and observing the resulting 

voltage response is the basic principle of impedance measurement.  The complex impedance can 

be determined by examining the voltage amplitude and phase. The non-invasive and non-

destructive nature of this method, which maintains the sample's internal and external structure, is 
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one of its main advantages. Consequently, EIS is especially suitable for evaluating biological 

materials, such as food and fruits, where freshness is essential [9–14]. 

To create a spectrum representation that shows material behavior across a wide frequency 

range, EIS presents impedance data as a function of frequency. It has been widely used in food 

science and agriculture, especially to determine the ripeness and quality of crops. Previous research 

has shown that EIS is applied to various fruits and vegetables, including apples, lemons, citrus, 

papaya, and carrots [15–21]. To interpret the frequency-dependent electrical responses of 

biological tissues, the findings of EIS measurements are typically analyzed using equivalent circuit 

models or other mathematical techniques. 

However, Nutmeg (Myristica fragrans Houtt), a fruit-bearing tree native to Indonesia's 

Maluku Islands and valued for its great economic significance, is the subject of analysis based on 

impedance and its components. Nutmeg is widely used in food products, cooking spices, and 

essential oil manufacturing. However, its quality and shelf life are greatly influenced by post-

harvest factors, particularly fermentation and moisture content, which are not usually apparent 

through visual inspection. To support sorting procedures, monitor product quality, and prevent 

spoilage during storage and commercial distribution, impedance-based characterization 

methodologies must be developed. 

It is expected that impedance measurement on nutmeg will yield more detailed information 

on the fruit's internal and external physiological state. Multi-frequency impedance measurements 

can be used to identify early indicators of deterioration caused by high humidity or microbial 

contamination and to differentiate the dielectric characteristics of various fruit components. 

Nevertheless, the characterization of nutmeg's impedance creates new opportunities for food 

technology and precision agriculture. It provides a means to enhance post-harvest quality and 

advances scientific knowledge of the little-studied bioelectrical phenomena in tropical biological 

materials, as well as a real-time monitoring system for use during post-harvest handling and 

processing. Although recent studies have demonstrated the effectiveness of EIS for monitoring 

ripening and quality changes in other fruits, this technique has not been applied to nutmeg. 

Therefore, this study aims to measure the impedance of nutmeg fruit to determine its ripeness and 

freshness by observing the fruit's storage time after harvest. This study presents a preliminary 

investigation of impedance measurement of nutmeg during post-harvest storage, and its results can 

serve as a reference for further research in agricultural technology. 

2. Materials and Methods  

Nutmeg samples from nearby farms on Ambon Island were used in this investigation. Local 

farmers on Ambon Island, Indonesia, provided 20 nutmeg fruits, consisting of 10 ripe and 10 

unripe samples (Myristica fragrans Houtt). Ripe and unripe nutmeg fruits were utilized as samples 
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and kept at room temperature (28°C) for five days. To determine changes in nutmeg quality, it was 

also stored for 10 days at room temperature and in a refrigerator set at 4°C.  

The HIOKI 3532-80 LCR HiTester (Japan) was used to measure the impedance of nutmeg 

with two AgCl electrodes, each 3 mm in diameter, as shown in Fig. 1. Impedance spectra were 

recorded in the 150 Hz to 15 kHz frequency range after the electrodes were placed into the nutmeg 

samples, and an electric current of 1 mA with a potential difference of 3 V was applied. The 

impedance measurement data were obtained in real-time on a laptop [22].  

 

 
Fig. 1. Schematic of measurement 

 

The magnitude of impedance represents the overall opposition of the sample to the applied 

alternating current (AC), which is calculated using Eq. (1). It combines both resistive (R) and 

reactive (X) components of the impedance and is expressed as: 

|𝑍| = √𝑅2 + 𝑋2 (1) 

 

where R denotes the resistance in  and X represents the reactance in .  

 
(a)                (b) 

Fig. 2. Impedance of nutmeg stored for 5 days (a) ripe (b) unripe 

3. Results and Discussion 

Fig. 2 depicts the findings of impedance measurements conducted on ripe and unripe nutmeg 

fruits during a five-day observation period. The impedance of the samples at different maturity 
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levels and storage times is depicted by plotting the impedance magnitude (Z) versus frequency (f), 

which ranges from 0 to 15 MHz. 

The initial impedance of ripe fruit on the first day was higher, reaching values between 11 

and 12 MΩ at low frequencies, as shown in Fig. 2 (a). Meanwhile, the impedance of unripe fruit 

was lower, less than 6 MΩ, as shown in Fig. 2 (b). This high impedance suggests the presence of 

dense structures and decreased ionic mobility, which are frequently related to mature and 

dehydrated fruit tissues. Because living tissues exhibit capacitive characteristics, impedance 

continuously lowers as frequency increases on all days, exhibiting a typical dielectric relaxation 

trend [23]. The structure and water content of ripe nutmeg remained essentially stable over the five 

days, as indicated by the minimal difference in impedance values between days. The slight increase 

in resistance on the fifth day may be due to reduced ionic conduction channels caused by surface 

drying. 

     
      (a)             (b)              (c) 

   
         (d)              (e) 

Fig. 3. Capacitance of ripe nutmeg on various days 

However, on the first day at low frequencies, the unripe nutmeg samples exhibited 

significantly lower initial impedance values, approximately 6 MΩ. This lower impedance indicates 

higher water content and increased ionic conductivity within the immature fruit tissue. Notably, 

the impedance values gradually decrease over time, reaching below 2 MΩ on the fifth-day. This 

gradual decrease indicates a substantial change in the fruit’s internal structure, likely caused by 

continued enzymatic activity, cell wall disintegration, and elevated tissue permeability. These 

alterations are common during the early phases of spoiling or postharvest physiological 
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maturation. The significant daily change highlights the instability and dynamic nature of the 

material during storage. 

Measurement of impedance can distinguish ripe and unripe nutmeg. Higher and more 

consistent impedance values indicate intact structural and reduced moisture dynamics in ripe fruits. 

In contrast, rapid impedance reductions in unripe fruits indicate more active physiological changes 

and increased vulnerability to quality degradation. These results support the potential of EIS as a 

rapid and non-destructive method for evaluating nutmeg ripeness and postharvest quality. The 

results can also inform postharvest handling and storage strategies to prevent spoilage and preserve 

commercial value. 

         
      (a)              (b)     (c) 

        
         (d)        (e) 

Fig. 4. Capacitance of unripe nutmeg on various days 

Fig. 3 (a-e) represents storage of nutmeg over five days. Ripe fruit samples, which have high 

impedance values between 10 and 12 MΩ, show a noticeable decrease in capacitance. This 

behavior is explained by physiological changes associated with ripening, including tissue softening 

and a decrease in water content. At this stage, cellular membranes degrade, losing structural 

integrity and reducing the cell's ability to retain water and ions. Impedance increases because the 

fruit tissue becomes drier and more resilient as moisture loss and membrane disintegration 

progress. These deterioration processes diminish the fruit's capacity to retain electrical charge, 

which persists throughout storage. As a result, capacitance values progressively drop, consistent 

with the general drop in fluid content and cell structure degradation [24]. 
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In contrast, capacitance reflects the amount of nutmeg that electric charge can store, which 

initially showed lower impedance values in the 2–6 MΩ range as shown in Fig. 4 (a-e). This aligns 

with the physiological properties of unripe fruit, which often include denser tissue, intact 

membranes, and larger water content. Enzymatic activity breaks down portions of the cell wall 

and membrane structures during the ripening process, releasing ions and increasing metabolic 

activity. These modifications redistribute ions and water, increasing the fruit tissue’s capacity to 

hold an electric charge. The resulting rise in capacitance shows greater ionic mobility and transient 

structural changes that enhance charge retention [25]. 

 
Fig. 5. Changes in nutmeg weight with respect to storage time and temperature 

The relationship between the weight of nutmeg and storage duration was measured at 28 °C 

and 4 °C in a refrigerator. Fig. 5 shows that the weight of nutmeg remains stable at low 

temperatures, and decreases at room temperature. Water evaporation and respiration are the two 

main factors causing the fruit's bulk to decrease during storage [26]. Total weight decreases due to 

the fruit tissue's gradual water loss, and mass further decreases as respiration turns stored 

carbohydrates into gas (CO₂). Impedance increases as the fruit loses water through dehydration 

because the tissue becomes drier and the internal resistance rises. 

4. Conclusions 

This study proposes electrochemical impedance spectroscopy (EIS) technique as a practical 

and non-destructive method for assessing postharvest quality in nutmeg through measurement of 

impedance and its components, including frequency and capacitance. The results indicate that 

impedance can distinguish between ripe and unripe fruits during storage, reflecting differences in 

moisture content, membrane integrity, and physiological stability. These findings suggest that EIS 

may serve as a valuable tool for monitoring nutmeg quality and reducing postharvest losses in the 

horticultural supply chain. Further studies are necessary to develop practical tools for postharvest 

quality monitoring in agriculture. 
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