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ABSTRACT 

 

Dielectric constant (ε') of four cultivars of apple (Red delicious apple, 

Delicious apple, Granny Smith apple and Fuji apple) have been determined in solid 

form by employing a specially designed dielectric cell and using two point method. 

Fruit nutrients, such as carbohydrate, protein, fat, fiber, ash, moisture content are also 

estimated of the four cultivars of apple by using standard Bio chemical methods. 

Graphical and mathematical correlations are established between the dielectric 

constant and nutrients of the apple. 
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INTRODUCTION 

 

Dielectric properties of agriculture materials are important as they are utilized for a 

number of applications in different areas of human activities (Nelson, 2006). The dielectric 

properties of food in a way measure the interaction of the radio waves with the food materials 

(Ahmed et al., 2007). The electrical properties of fruits and vegetables have been found to 

have relationship with their nutrients and have important applications in the field of 

agriculture. Dielectric constant and dielectric loss factor are the properties of primary 

important in remote sensing applications for fruits and vegetables. The dielectric properties of 

food materials depend on a number of factors. The dominant component of almost all the food 

materials is water and as such the food materials are hygroscopic in nature. The dielectric 

properties of food materials are also affected by the presence of mobile ions (which are 

produced due to the presence of salts and other such ingredients) and the water molecules, 

which behave as permanent dipoles.  

The proverb "An apple a day keeps the doctor away” is well known from 19th century. 

Preliminary research conducted by Steinmetz and Potter (1996) suggests that regular 

consumption of apples or apple juice may reduce the risk of several types of cancer, viz., lung 

http://www.physics-journal.org/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3551172/#CR3
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cancer, colon cancer and prostate cancer etc. Nigmatullin et al. (2006) identified the fitting 

function for the complex permittivity measured for plant tissues of honeydew melons in terms 

of the frequency in the frequency range 10 MHz to 1.8 GHz at 250C. They also found 

correlation between the complex permittivity and variables like soluble solids content (SSC), 

tissue density (TD) and moisture content (MC) by using the statistics of the fractional moments 

(SFM). The correlation functions reported by them can be used for quality sensing of different 

complex systems, in particular, for ripe fruits and vegetables, where direct relationship 

between molecular properties and fitting parameters is not possible. 

Dielectric properties of agricultural products have been of interest for many years. 

Castro-Giraldez et al. (2010) reported the results of dielectric measurements taken on apple 

(Granny smith) during its maturity at 300C and in the frequency range from 500 MHz to 20 

GHz by using an agilent 85070 E open-ended co axial probe connected to an Agilent E 8362B 

vector network analyzer. They also attempted to find out relationship of dielectric properties 

with apple’s physiological compounds, such as, sugar content, malic acid etc. This work was 

found to be very useful for the prediction of maturity in climacteric fruits by non-destructive 

methods. 

Guo et al. (2007) measured electrical properties of apples at 240C in the frequency 

range from 10 MHz to 1800 MHz for sensing quality of stored apples, which were stored for 

about 70 days at 4°C. It was concluded that permittivity of the apples does not show any 

appreciable change during the 10-weeks period of refrigerated storage.  

    Martin – Esparza et al. (2006) measured the electrical characteristics of vacuum 

impregnated (VI) and non-vacuum impregnated (NVI) apple, var. Granny Smith, at the 

frequency 2.45 GHz and temperature 250C, by using the open-ended coaxial probe method. 

They examined the effect of moisture content, water activity and porosity on the dielectric 

properties of two type’s apple samples (VI and NVI). They concluded that the dielectric loss 

mechanism in apple is related to the availability of free water in it.  

Measurements on three cultivars of fresh apples (namely: Red Rome, Pink Lady and 

Fuji) both for external surface and exposed flesh were made in the frequency range 150 MHz 

to 6.4 GHz by Seaman and Seals (1991) and similar measurements on internal tissues of the 

same three cultivars were also made by Nelson et al. (1994), at frequencies from 200 MHz to 

20 GHz. Further, due to dependence of dielectric constant on the nutritive values viz., protein, 

fat, fiber, ash and carbohydrate the detailed study of its dependence on these parameters will 

be useful for better understanding of agricultural physics.  
 

MATERIALS AND PREPARATION 
 

Four samples of apple viz., Red delicious apple, Delicious apple, Granny smith apple 

and Fuji apple were used in the present research for investigation of their nutrients and 

dielectric properties and to search for a correlation between two types of properties. 
 

DIELECTRIC MEASUREMENT 
 

In this study two point method was used for determination of dielectric properties of 

samples at different frequencies and measurements were taken at four microwave frequencies 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3551172/#CR57
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by employing microwave benches in Ku, X, J and C bands. Two point method (Sucher and 

Fox, 1963) is a technique involving measurement of reflection coefficient of the sample placed 

in a waveguide. This method is suitable for low and medium loss dielectric materials and can 

be adopted for measurement of complex permittivity of fruits and vegetables at different 

frequencies. For two point method two samples of different lengths are required, but their 

cross-sectional area has to be the same as that of the waveguide.  We prepared two samples of 

different lengths and same cross-sectional area for each bench by carefully cutting samples 

from the fruits and vegetables chosen for study. 

 

PROXIMATE NUTRIENT ANALYSIS OF APPLE 
 

Nutrients of apple were determined by employing following methods, which are well 

established for the analysis of food nutrients. 
 

 

 

 

 

 
 

CORRELATION BETWEEN DIELECTRIC PROPERTIES AND NUTRIENTS 
 

Correlation between dielectric properties of fruits with their nutrients viz., moisture, 

crude protein, fat, crude fiber, total ash and total carbohydrate have not been investigated till 

date. In the present research we have tried to correlate and find out correlation coefficient 

between dielectric constant of fruit (apple) with its nutrients. To find out the correlation 

between dielectric properties of above sample and its nutrients, it is necessary to put them 

together. The value of dielectric constant (ε') at four frequencies and nutrients of the four 

varieties of apple are reproduced below in Table 1. 
  

Table 1: Values of dielectric constant (ε') of four cultivars of apple at microwave frequencies and 

their nutrients 
 

Samples Dielectric Constant (ε') Nutrients (g/100g) 

3.43 

GHz 

7.31 

GHz 

9.30 

GHz 

14.70 

GHz 

 

Moisture  

Crude 

protein     

Fat  

 

Crude 

Fiber 

 

Total 

Ash     

Total 

Carbo-

hydrate 

Red 

Delicious 

Apple 

58.8 52.11 30.35 16.35 85.16 0.1843 0.134 3.566 3.026 7.921 

Delicious 

Apple 
59.23 55.53 37.9 18.32 86.36 0.3443 0.4266 4.545 2.96 5.354 

Granny 

Smith 

Apple 

57.06 51.15 29.58 14.61 84.62 0.17 0.097 3.2 2.93 8.735 

Fuji 

Apple 
62.28 55.11 37.69 20.47 87.5 0.3733 0.596 5.81 2.4 4.9833 

      Name of Nutrient                    Method         Reference 

Protein Micro Kjheldal method AOAC 2005 

Fat Ether extractive method AOAC 2005 

Moisture Oven drying AOAC 2005 

Carbohydrate Calculation method AOAC 2005 

Crude Fiber Acid Alkali method AOAC 2005 
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Table 2: Correlation coefficient of dielectric constant (ε') of apple with nutrients at microwave 

frequencies 

 
Frequency 

(GHz) 

Moisture  

(g/100g) 

Crude protein    

(g/100g) 

Fat 

(g/100g) 

Crude 

Fiber 

(g/100g) 

Total Ash    

(g/100g) 

Total 

Carbohydrate 

(g/100g) 

3.43 .952* .828 .904 .962* -.857 -.842 

7.31 .901 .974* .925 .858 -.497 -.987* 

9.30 .919 .991** .952* .886 -.570 -.989* 

14.70 .994** .942 .973* .984* -0.770 -.956* 

 

*. Correlation is significant at the o.05 level (2-tailed) 

 

**. Correlation is significant at the o.01 level (2-tailed) 

 

Correlation of dielectric constant of apple with their nutrients, as determined by using 

module IBM of SPSS 20, is summarized in Table 2. Results of correlation analysis show that 

the moisture content is highly correlated at frequencies 3.43 and 14.70 GHz with dielectric 

constant and the correlation is significant at 5 % and 1 % level of significance respectively for 

the two frequencies. The value of correlation coefficient is however greater than 0.9. At all the 

four frequencies, a correlation greater than 0.8 is generally described as strong, whereas a 

correlation less than 0.5 is generally described as weak. Therefore, dielectric constant is 

strongly correlated with moisture content in apple. It is also observed that crude protein is 

correlated with 5 % significant level at frequencies 7.31 and 9.30 GHz respectively; fat is 

correlated with 5 % significance with dielectric constant at frequencies 9.30 and 14.70 GHz; 

crude fiber is also correlated with 5 % significance with dielectric constant at two frequencies 

3.43 and 14.70 GHz. It is found that total ash in the samples do not show any correlation with 

dielectric constant at any of the frequencies and total carbohydrates are negatively correlated 

with dielectric constant at frequencies 7.31, 9.30 and 14.70 GHz and the results are significant 

at 5 % level of significance.  

 

It is also observed that for apple moisture content, crude protein fat and crude fiber are 

positively correlated with dielectric constant i.e., increase in any of these nutrients leads to 

increase in dielectric constant, while as the total carbohydrate is negatively correlated with  

dielectric constant, which signifies that increase in carbohydrates leads to a decrease in 

dielectric constant. 

 

From table 2, it is also apparent that at a particular frequency the dielectric constant is 

correlated with some of the nutrients, and not with all of them. The correlation between 

dielectric constant and nutrients at a particular frequency can be pictorially depicted by a 

regression line for the cases where correlation is found to be significant in Table 2. Predictive 

equations can also be obtained for such a linear relationship by using SPSS-20 package. 
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Fig. 1 Regression line between dielectric constant (ε') and moisture content (%) for apple at 3.43 GHz 

 

From Fig. 1 it is clear that dielectric constant (ε') of apple can be represented by a 

linear equation with moisture content at frequency 3.43 GHz, which is given by 

ε' = - 78.803 + 1.608 (M C, %)               (1) 

Eqn (1) shows that ε' is positively correlated with moisture content. The coefficient 

value of moisture content is significant (< 0.05). This Eqn is valid only for moisture range 83 

to 87 % and it can not be generalized for lower values of moisture content.  
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Fig. 2 Regression line between dielectric constant (ε') and crude fiber (%) for apple at 3.43 GHz 



 Ravika Vijay, et al., J. Pure Appl. & Ind. Phys. Vol.7 (10), 383-390 (2017)  

388 

From Fig. 2 it is clear that dielectric constant (ε') of apple can be represented by a 

linear equation with crude fiber at frequency 3.43 GHz, which is given by 

ε' =  51.680 + 1.790 (C.F., %)                          (2) 

Eqn (2) shows that ε' is positively correlated with crude fiber. The coefficient value of 

crude fiber and the value of constant term both are significant (< 0.05).  
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Fig. 3 Regression line between dielectric constant (ε') and crude protein (%) for apple at 7.31 GHz 

 

From Fig. 3 it is clear that dielectric constant (ε') of apple can be represented by a 

linear equation with crude protein at frequency 7.31 GHz, which is given by 

ε' =  48.110 + 20.020 (C P, %)        (3) 

Eqn (3) shows that ε' is positively correlated with crude protein. The coefficient value 

of crude protein and the value of constant term both are significant (< 0.05). 
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Fig. 4 Regression line between dielectric constant (ε') and total carbohydrate (%) for apple at 7.31 GHz 
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From Fig. 4 it is clear that dielectric constant (ε') of apple can be represented by a 

linear equation with total carbohydrate at frequency 7.31 GHz, which is given by 

ε' =  65.972 - 0.982 (T C, %)         (4) 

Eqn (4) shows that ε' negatively correlated with total carbohydrate. The value of 

constant term is significant (< 0.05).  
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Fig. 5 Regression line between dielectric constant (ε') and fat content (%) for apple at 9.30 GHz 

 

From Fig. 5, it is clear that dielectric constant (ε') of apple can be represented by a 

linear equation with fat content at frequency 9.30 GHz, which is given by 

ε' =  28.229 + 18.030 (F C, %)        (5) 

Eqn (5) shows that ε' is positively correlated with fat content. The coefficient value of 

fat content and the value of constant term, both are significant (< 0.05).  

 

CONCLUSION 
 

The dielectric constant of apple shows significant correlation with certain nutrients at 

different frequencies and may be used as indicators for such nutrients. Dielectric constant of 

apple depends on a number of factors and cannot be easily predicted just based on its proximate 

analysis and composition. The reason behind this is that the molecular structure and chemical 

composition of the nutrients are quite complex. 
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