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Abstract— Limau Madu is one of two types of citrus that are 
widely planted in Malaysia. Prior to being marketed to the end 
users, the Limau Madu would go through the grading process. 
Among the criteria for a good grading is the taste. However, 
testing the taste of Limau Madu non-destructively is often 
challenging. One of the methods to determine the solid soluble 
content of Limau Madu non-destructively is capacitance sensing 
technique. The capacitance is measured at different frequencies 
for several days. The finding shows that as the longer orange is 
being kept, the permittivity of the fruit, ɛr declines. In term of 
frequency, permittivity of Limau Madu is highest at frequency of 
10 MHz. However, it is different case with SSC which slightly 
increased over the course of seven days. The performance of the 
fruit has better impact at lower frequency. 
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I.  INTRODUCTION  
In Malaysia, the production of citrus fruits is mainly for 

the domestic market; they are grown in commercial orchards, 
backyard orchards and smallholdings in various parts of the 
country [1]. One of the famously planted citrus in Malaysia is 
Limau Madu which is widely planted in the states of Pahang, 
Kedah, Perak, Terengganu, Johor and Sarawak. The fruits are 
cheaper than imported oranges and have high vitamin C 
content [2]. Before it is commercially marketed, the citrus fruit 
including Limau Madu need to be graded into certain 
categories which can influence the price of the fruit. The fruits 
can be graded manually or by a grading machine. Grading is 
done according to their size, weight, shape and less damaged 
resulting from pest infestation [3, 4]. 

According to the Malaysian Standard specification, 
grading of citrus fruit is based on the size and quality of a fruit 
[3]. Quality of a fruit is depending on the percentage of 
damage. The lowest grade is grade A because it has 25% of 
damages and the diameter is only around 50 to 59 mm. The 
best fruit is graded as AAA because its diameter is more than 
70mm and damage is equal or less than 5% [3]. 

In this study, the capacitance of Limau Madu grade AAA 
is observed at different frequencies to determine the solid 
soluble content (SSC) of Limau Madu. SSC is regarded as 
sugar in respect to density and other quality control 
measurements[5–9]. The study intend to propose that while 
previous method of grading is useful and commercially used, 
the determination of fruit solid soluble content also can be 
regarded as one of the features for grading the fruit. 
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II. BASIC PRINCIPLE 
Capacitance sensing method gained a lot attention from 

researchers around the world due to its simplicity and low 
cost. From small material such as grain and nuts to the bigger 
material such as papaya and watermelon, are being used as 
experimental object. There was a study on categorizing fruits 
based on density by measuring the hollowness and estimate 
SSC of the whole watermelon non-destructively using low 
cost electronic instrument. The soluble solids content of 
watermelons can be estimated from density and mass through 
relationships established by multiple regression analysis. It 
became clear that there was an optimum range of density that 
could be used as an indicator of watermelon quality. 
Watermelon with a density of 0.94 to 0.97 g / cm 3 were 
relatively high in sugar content and without cavities [10]. 

 
Apart from density sorting, moisture content and ripening 

stage have been discussed via capacitive sensing. C.V. 
Kandala and J. Sundaram measured moisture content of grain, 
nuts and different type of wheats. The idea of developing a 
low-cost system which compromise of impedance meter and a 
parallel-plate capacitance to measure moisture content is done 
with grains, nut and also for different types of wheat. The 
reason behind this is the conventional impedance meters have 
extra features that are not significant in their studies and is 
expensive [6–9] . The capacitance of low-cost system which is 
made-up of parallel-plate is given by; 

 
  C = ɛr ɛo A/d            (1) 

 
Where A is area of plate, d is plate separation, ɛr is dielectric 
constant of the material between the plate and ɛo is the 
permittivity of free space (8.854 x 10-12 F/m) [12]. 

III. MATERIAL AND METHODS  
In this study, the experiment is divided into three sub-

section. The first section would be on collecting the samples 
and their preparation. The second part of the experiment is 
measuring the capacitance of Limau Madu non-destructively. 
This is done to obtain capacitance value without damaging the 
fruit. The final stage of this experiment is destructive method. 
This is done to obtain the oranges internal attribute in 
numerical form. 

A. Sample 
A number of Limau Madu of the same grade is collected at 

the same place which is at a nearby orchard. They are tagged 
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and kept at lab temperature which is 26°C. Their weight are 
recorded every day. 

B. Non-destructive method 
The experiment is conducted with Limau Madu 

sandwiched between two parallel aluminum plates. A source 
of 5V is connected to the circuit and a capacitor with a value 
of 10pF is used to give stability in the circuit. Vout is measured 
using a multimeter. The readings of Vout are recorded at 
frequencies of 10 MHz, 15 MHz, 20 MHz and 25 MHz. 
Figure 1 shows the experimental set-up. This set-up is 
prepared by adapting the procedure used in several studies 
conducted by Soltani et al. [14]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 1. Experimental set-up [8] 

 

C. Destructive method 

This method is done to yield more information on the brix, 
acidity, pH and moisture content of the samples. All of the 
oranges were cut into half and pressed for their juice. The 
juice is filtered to avoid any excess of pulp and seed.  

• pH measurement Taking measurements of pH is 
completed by using a Combo pH/EC/TDS/Temperature 
with Only One Tester (Model HI 98129 . HI 98130). 
Prior to pH measurements, the instrument is first 
calibrated using pH 4.01 Buffer Solution (±0.01 pH at 
25°C). Then, pH mode is selected with the SET/HOLD 
button. Electrode is submerged into the solution to be 
tested. 

• Brix and Acidity measurement Brix and acidity are 
measured using digital hand-held pocket refractometer 
(Hybrid PAL-BX|ACID F5 ATAGO). To measure brix 
only 0.2 ml of orange juice is needed and the solution 
is dropped on the prism surface of the pocket 
refractometer. The solution is then diluted with 
about1.0 ml deionized water to obtain the acidity. 

• Moisture content measurement The flesh and seeds of 
orange are placed back into their skins and stacked in 
an aluminium tray. The tray of oranges is retained at 

75°C for 24 hours in a dry oven. After 24 hours, the 
dried oranges are weighted.  

IV. RESULTS AND DISCUSSION 

A. Result from non-destructive method 
Figure 2 shows relative permittivity of Limau Madu for 

seven days. During this period, ɛr slightly increased from day 
one to day 3 and decreases from day three to day seven for all 
frequencies. It is highlighted that ɛr at 10MHz has the highest 
value. 
 

 
 
Fig. 2 Relative permittivity, over days of limau madu at different frequencies 
 

On the other hand, figure 3 provides overview for the 
capacitance of limau madu for that course of seven days. As 
stated in equation (1). Thus, as ɛr increases, C will also 
increase.  
 

 
 

Fig. 3. Soluble solid content of limau madu during the duration of seven days 
 
Therefore, it is expected that destructive results are better at 
lower frequency. 
 

B. Result from destructive method 

TABLE I.   R2 VALUE OF CAPACITANCE AT EACH FREQUENCY  

 
Capacitance at Each Frequency 

10MHz 15MHz 20MHz 25MHz 

Brix 0.8718 0.4594 0.0357 0.2019 
Moisture 
content 0.6580 0.4429 0.9288 0.2546 
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Capacitance at Each Frequency 

10MHz 15MHz 20MHz 25MHz 

Acidity 0.7229 0.1545 0.2788 0.2184 

pH 0.7620 0.7254 0.8451 0.4700 

 
The coefficient of determination, R2 of every variable at 

each frequency are presented in Table 2. Ideally R2 is the 
proportion of the total variation in each variable studied 
experimental response accounted for by the regression 
model[15]. The value of R2 always lies between 0 and +1. 
Mathematical definition of R2 is given by: 

 

                                                   (1) 
. 

In equation 1, RSS is residual sum of squares while TSS is 
total sum of squares. Theoretically, the R2 is resultant from 
equation 1. By plotting the data that have been obtained in 
MATLAB, the value of R2 is numerical computed [16]. 
Hence, it is significant in this study. The value of R2 can also 
determine the linearity of the relationship of two variables 
studied. A value close to 1 indicates a strong positive linear 
relationship [15]. 

As can be seen from the table, as the frequency increases, 
R2 are set out to decline.  Except at frequency of 20 MHz, the 
R2 for moisture content and pH are high. Overall, data at 10 
MHz are considered promising as R2 for each variable are 
more than 0.5. These results of linear regression proved a 
better estimation for the parameters involved which are brix, 
moisture content, acidity and pH. This result is somewhat 
counterintuitive. The linear function of every variables at 
frequency 10 MHz are summarized into table 3. 

TABLE II.      MULTIPLE LINEAR REGRESSION EQUATIONS AT 10 MHZ  

 Function R2 Frequency 

Brix = 0.7062x + 2.2562 0.8718 10 MHz 
Moisture 
content = 0.3219x  – 16.101 0.6580 10 MHz 

Acidity = -1.1847x + 12.122 0.7299 10 MHz 

pH = 4.8741x – 8.301 0.7620 10 MHz 

 
This regression equation which is also considered as 

theoretical regression value offers prediction of the dependent 
variable. The resolution of the multiple linear regressions is to 
use the independent variable with known values to predict the 
dependent variable. The value of R2 validate the equations, 
hence the value closer to 1 gives better prediction [17]. 

     These functions represent the regression between 
capacitance and brix, moisture content, acidity and pH. Closer 
inspection of the table shows that R2 for brix is higher than 
other variables. Brix is much closer to capacitive property. 
Positive linear functions are shown in figure 4, 5 and 6. A 
negative linear function between capacitance and acidity is 

shown in figure 7. This prove good linear correlation exists 
between capacitance and all variables. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 5. Moisture content and Capacitance of limau madu at 
10MHz 

 

Figure 7. Acidity and Capacitance of limau madu at 10MHz     

Figure 6. pH and Capacitance of limau madu at 10 MHz 

 

Figure 4. SSC and Capacitance of limau madu at 10MHz 
 



INTERNATIONAL JOURNAL OF ELECTRICAL AND ELECTRONIC SYSTEMS RESEARCH, VOL. 13 DEC 2018 

 
 

It is typical for oranges fruit to have a pH range from 3.6 to  
4.5. At these pH range values the fruits are considered acidic 
[18]. As pH increases, acidic decreases simultaneously. 
 

V. CONCLUSION 

 It can be concluded that properties of Limau Madu can be 
correlate to its capacitance at different frequencies. In this 
study, frequency of 10 MHz has shown a strong R2 and prove 
strong relationship between capacitance and soluble solid 
content (SSC) of Limau Madu. The reading of SSC can 
determine the sweetness of Limau Madu non-destructively, 
which can categorize the fruit according to different grade. 
The study can provide a value added for current grading 
system by considering the sweetness of fruit as part of the 
feature for grading the fruit. Nonetheless, this study is bound 
with limitations. In order to observe the capacitance and 
frequency closely, variations range frequency should be 
applied. 
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