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Electrical Behavior of Garut Citrus Fruits During
Ripening
Changes in Resistance and Capacitance Models of
- Internal Fruits

J. Juansah , I W. Budiastra, K. Dahlan and K. B. Seminar

Abstract — The electrical behavior of Garut citrus fruits have
been studied using impedance measurement at various levels of
acidity, firmness, and frequencies. This research has been done as
a step in order to study the internal citrus properties that do not
damage it. So, the aim of the present study was to investigate the
behavior of electrical properties and modeling of citrus fruits
including internal resistance and its capacitance changes using
nondestructive test. Electrical circuit models have been
constructed using series and parallel configurations adopted
from literature. The new model has been constructed on the
based of the internal structure of citrus fruits. In the specific
parameters of the resistor and capacitor which describes the
internal condition of fruit, the results of simulations have high
compatibility and the best deterministic coefficient is the new
model. Profile graphs of electrical modeling results have shown
the same form with the experimental results. Electrical

conductance of intact citrus Garut increased exponentially while

the impedance and capacitance decreases exponentially when the
frequency is increased. The acidity and firmness changes lead to
changes in internal electrical properties of Garut citrus fruits.
Based on the new model, membrane capacitance and tissue
resistance also can describe the acidity and firmness phenomenon
of fruits. The resistances of part component of circuit model were
declined as pH increases. While, both of capacitance and pH have
. positive correlations.
firmness and resistance have a line change, where increasing
firmness, it also increases the value of resistance. But it not
happens in capacitance behavior as firmness change. The
capacitances were decreased as firmness improved.

Index Term— Electrical impedance spectroscopy, Electrical
models, Membrane capacitance, and Garut citrus.

L. INTRODUCTION

Citrus isa major world horticultural commodity, second only
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In the firmness phenomenon, both of -

to bananas in terms of volume of world trade (exports and
imports) [1]. Citrus has specific consumers that may have
contributed to the economy of a region. Differences in climate
and other environmental factors make these commodity grow
according to the place where its growth. This citrus has certain
specifications and become famous as a typical fruit of a
region. One of citrus varieties is Garut citrus fruits. Garut
citrus fruits have the specific characteristics such as fragrant
aroma, thick and juicy flesh, high in vitamin C content, etc.
This orange has experienced a golden age in the 1980s.
However, in the 1990s, the population declined sharply due to
the disease of citrus vein phloem degeneration (CVPD). The
local government launched a planting one million trees of
Garut citrus and planned for completion in 2012. Garut citrus
have been designated as National varieties of Indonesia in

. 1999. In addition, Garut citrus has been used as components of

regional symbols in Garut area [2]. R

Agricultural products, such as citrus, are mostly perishable
[3], short storage time, and cheap. However, demand for
agricultural products will never desist as long as human
population growth continues to increase. This is a problem and
an opportunity to increase the added vatue of the products. In
achievirig these objectives requires a continuous assessment -
including in terms of technology, engineering, horticuiture,
even to the field of basic science.

Properties of these products caused by external factors such
as weather, attacks of living things, and post harvest handling
errors, and caused by internal factors, such as changes in
chemical composition, metabolism, fiber conditions, moisture
content, acidity, etc. To measure the properties of agricuitural
products is generally destructive. The products have been
tested can not be marketed or consumed. To overcome this
problem, many researchers developed a method that does not
damage the material known as a non-destructive method. Non-
destructive evaluation has recently been the subject of studies
and researches. Most of the techniques invented by researchers
are often expensive and impracticable in agricultural industry.
Electrical measurements provide the opportunity to address
this issue.

The dielectric constant and loss factor of material, which
correlates well with certain properties of the products such as
moisture content and ripeness, were studied by different
researchers over the past years [4]. Electrical properties of
agriculture products were studied in order to develop a rapid
and non-destructive assessment method or to characterize its
ripening. Soltani et all [5] report that the dielectric constant of
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banana fruit decreased as a result of the ripening treatment and
the best frequency of sine wave that can predict the level of
ripeness was 100 kHz. The electrical impedance of kiwifruit
during fruit ripening was studied by Bauchot et al, Their
measurements were made on whole fruit, and tissues excised
from the outer pericarp, inner pericarp and core. During
ripening, there was little change in the impedance
characteristics of the kiwi fruit, despite a 10-fold decrease in
firmness [6]. Also, electrical impedance measurements were
used to investigate some properties of agricultural products
such as in tomato [7], nectarine [8], and meat [9] [10]. The Q
value is a fairly good indicator of the loss of freshness in meat
[11}.

The system designed to performed an impedance
measurements provide a non-destructive and rapid method to
predict moisture and salt content, as in smoked fish products.
These results are promising for the development of low-cost,
rapid, and non-destructive [12].

Behavior of the electrical properties of materials is related to
dielectric properties. Several important factors greatly
influence the dielectric properties of materials. Some of these
factors are related to the nature of the material (composition,
structure), while others are associated with the conditions
when electro heating is applied (temperature, frequency), and
others are involved with the age or maturity stage of the food
material [13].

Electrical impedance spectroscopy (EIS) measures the
electrical properties of materials as a function of frequency. It
is based on the interaction of an external electric field with the

electric dipole moment of materials {14]. Also, EIS allows to -

built-electrical models of the measured material in the form of
an electrical circuit of resistors and capacitors and analyze its
response to source signals of variable amplitude and frequency
[15]. For example, the electrical impedance of citrus trees can
be applied in models that describe their water requirements
associated with transport mechanisms of xylem tissues [16].
Wu et al reported that the distributed model based on the
Cole-Cole impedance equation gave the best fit to the
measured impedance data of the fresh eggplant [14].

The electrical properties of the fruit are important in the
cognitive aspect, especially to find out responses of the fruit to
electric fields of variable frequency. The purpose of this study
is to analyze the behavior of electrical properties and modeling
of the Garut citrus fruit by using low voltage electrical signals
that do not damage it. The electrical properties and modeling
of the Garut citrus fruit also correlated to acidity and firmness
in order to study the behavior of fruits during ripening.

I MATERIALS AND METHODS

A. Materials )4;,

The experiment was carried out on seven groups of Garut

citrus. The fruits were taken from Garut Regency (7°13'S

107°54'E), in Indonesia. Fruits were picked at ambient

temperature. The measurements of all parameters were done
when the fruits were still in fresh condition.
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B. Measurement

The Firmness of citrus was measured by using force sensor
(CI-6746, PASCO). The probe diameter of force sensor is 10
mm. Penetration depth of the force sensor on fruits is made
constant level of 5 mm. The weight of these citrus was
measured by using an electronic balance with an accuracy of
0.01 gram (Sartorius ED 822, Goettingen, Germany). The
Citrus acidity was determined using a pH meter (YSI
EcoSense pH 100, Xylem Inc., USA).

Electrical parameters of citrus fruits were measured by
using LCR meter (3532-50 LCR HiTESTER, Hioki, Tokyo,
Japan). These parameters are electrical impedance,
conductance and capacitance. The samples of citrus are placed
between two plate conductive electrodes, as dielectric material
[17]. The conductive plates selected from copper material (Fig
1). The parameter values of electricity were measured within a
frequency of 50 Hz to 1 MHz at 100 frequency points. The
input voltage of the signal was 1 volt (rms). Each
measurement of different shoots repeated three times and then
the average is calculated.

In this investigation, the measured electricity was grouped
based on the weight and acidity of citrus fruits to obtain a
value of electricity in an attempt to compensate for the weight
variation. It has also been done by Zachariah and Erickson in
assessing the maturity of avocado fruits with a capacitance per
weight measurement [18].

C. Analysis and modeling

We have used three equivalent electrical circuits to model
the electrical parameters of citrus fruits. Basic modeling of the
electrical circuit was based on the model at kiwi fruit [6]
which adopted from Zhang’s model [19], and eggplant [14]
which adopted from Hayden’s model [20]. The citrus models
shown on Fig 2. Furthermore, we derive the equation of
electrical parameters from those models. The results of
equations were correlated with results of experimental data by
curve fitting. . -

There are several equivalent circuits that may result in a
good fit for a given data, and it is necessary to select the
model that provides the best and most realistic representation
of the sample. The choice should be based on the simplicity
and consistency of the system’s properties and also on whether
the circuit elements are connected in series or in parallel [21].

Fig. 1. The Schematic of measurement system to investigate the electrical
properties of Garut citrus fruit. The capacitance sensing system adopted from
Soltani [17].
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Fig. 2. Electrical equivalent circuit for Garut citrus fruits: () lumped model
of Hayden, (b) Zhang, and (c) the new model.

Based on experimental data, i.e. impedance,
capacitance and conductance of citrus fruits, we conducted the
prediction models of electrical circuit in order to study the
phenomenon of internal electrical fruit. Subscripts of 7 and 4
on Fig 2 were indicating the notation for Zhang’s model and
Hayden’s.

The equation for capacitance, conductance and
impedance as a function of angular frequency (@ ) can be

derived from the electrical cireuit in F ig. 2. The equation for -

the conductance (G,,) and capacitance (Ceg) of the Hayden’s
model showed in equations 1 and 2. While for the Zhang’s
model equation shown in equations 3 and 4. The new model
was created based on the constituent parts of the oran ge fruit,
i.e. the outer shell, flavedo, albedo, seeds, segment, and wall
segments. The conductance and capacitance values based on
this new model shown in equations 5 and 6. An impedance
equation (Z) was obtained from the equations 7.

L (Rz.H +RI.H)1 +X (0
eqH —
! Rz,HRI.H(Rz.H +RI,H)+RZ.HXI.H2
__ (R.‘..H +Ryy )J + XI.HZ 2)
eqgH y
! w[Rl.HRLH‘\l.H - RouXu (RZ.H +Rl:)]
G, =k+1 (3)
Coz=m-n 4)
G - (s2 +srR, +pgR, +p2) (5)
eq = (Sz 4 Z)R
| L AW
c - GBaR, +2sp+pR,) , ©6)
“ ols® +p? Rg,
2l L ©
« chq

Where: j = imaginary number
X= Electrical reactance.
R= Electrical resistance
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With additional symbols are:

k=+ [Rz.an,z "Xzzxi,z +R12(R1; +RI,Z)KR3,ZR2,ZRI,Z _Rs,zxz,le,z)
Ry R, R, ~Ro X, X, F 00 R (R, +R VR, R, X, ]

- (Rz,zxx,z +X. (Rz,z + Rl,z) + Ra,le.z)(xz.st,z(Rz 2t R].z) + RJ,ZRZ,Z)(],Z)
KRa,sz.le,z _Ra,zxz,le,z)z + (Xzst,z (Rzz + RI.Z)+ Rz,sz,le,z)z]

m= [RZJ,R‘IZ —X X +R3.Z(Rzz +Rt,z)p§,zR:gz(Rz.z +R1,z) +Rs,szzx$)
“{(RlszzK,z "Rs,zxz,zx,z)z +(XzzRaz(Rzz +R|z)+Rsszzx,z)z T

e RaXie +XoRap + R R X IR R, R ~R K, X,)
AR R, R Ry, X 00 R R, R IR R, ]

p=[_XJ(RZXl +X, (Rz +R1)+R3X1)+(R3R1R| ‘Rsxle)]

q=[R2R1 -X,X, +R3(R2 +R1)]
r= (RZXI +X2(Rz +R|)+R3X1)

s=[XRR ~XXX +XR (R, +RJ«(XR (R, +R) +RRX)

For the linearity and error parameters based on electrical
modeling and selected variables, all data were subjected to
regression analysis ' using ‘the Microsoft Excel program
(Version 2007). To study the behavior of fruits changes during
ripening, all internal parameters of resistors and capacitors
model are correlated to firmness and pH of citrus.

II.  RESULTS AND DISCUSSIONS

Capacitance describes. the ability of capacitors to store
energy and -electrical charge. The presence of a dielectric
material in capacitors causes an increase in the capacitance
value. The dependence of dielectric parameters have been
examined by plotting curves between capacitance and
frequency as shown in Fig.3. The capacitance of Garut citrus
fruit decreases with increase in frequency, which exhibits the
dielectric dispersion in the orange fruit. Changes in
capacitance of citrus fruits are varied, i.e. at low frequency has
a value range of about 0.001 pF/Hz and 0.05 pF/Hz at high
frequency. High values of capacitance at low frequency (50
Hz) could be attributed to high mobility of dipole due to free
water state and electrode polarization. Frequency changes will
affect the condition of the ions in the material. Ionic loss is
inversely proportional to frequency and become critical as we
go to the lower frequency. Dissipation of dipolar energy at
higher frequencies is less dominant and ionic loss become
almost absent [22].

Decreasing in the fruits capacitance is not linear when the
frequency increased. So it can be said, increasing the
frequency of the signal cannot be followed by changes in the
internal dipole moment of citrus in a straight line. The
frequency of the signal source is a description of the speed of



change in the direction of an external electric field. Changes in
the external electric field will be followed by changes in the
internal electric field of the fruit. Increased frequency will
increase the speed of dipole changes. Thus, the frequency of
the electrical signal will have consequences on the time for
polarization. The value of high frequency means a short time
in the polarization. Thus, the total polarity would be low.

TABLE I
Linearity and error for the electrical parameters between model results and
measurement of Garut citrus fruit at selected pH of 3.34.

Models Conductance(uS)  Capacitance(pF) Impedance (MQ)
Hayden
R? 0.78130 0.43460 0.35120
RMSE 0.35864 0.22745 0.41433
RMSE/c 0.23693 0.74914 0.85150
Zhang
R? 0.98100 0.84240 0.75520
RMSE 0.45124 0.11638 0.24732
RMSE/o 0.46471 0.38331 0.50827
New creation
R? 0.97340 0.93290 0.95400
RMSE 0.28788 0.08801 0.10077
RMSE/s 0.29646 0.28984 0.20709
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Fig. 3. Experimental and modeling results for the total electrical capacitance
of Garut citrus at various frequencies. Selected sample at pH of 3.34.
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Fig. 4. Experimental and modeling resuits for the total electrical conductance
of Garut citrus at various frequencies. Selected sample at pH 0f 3.34
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Fig. 5. Experimental and modeling resuits for the electrical impedance of
Garut citrus at various frequencies. Selected sample at pH of 3.34

For proper description of the dielectric behavior of the citrus
fruit and other biological materials, however, contributing
phenomena other than dipolar relaxation also need to be taken
into account, such as the ionic conduction at lower
frequencies, the behavior of bound water, and the influence of
constituents other than water.

The experimental results for the electrical conductance of
citrus fruits as a function of signal frequency are shown in Fig.
4. Electrical conductance values for citrus fruits at any given
frequency range is very small. The highest conductance value
is in the range of mS (at 1 MHz). Based on the slope of the
curve in Fig.4, the value of the electrical conductance changes
that occur in citrus fruit is very small, i.e. at low frequency has
a value range about 0.0011 uS/Hz, and at high frequency has a
value approximately 0.0002 pS/Hz. Garut citrus shows
resistive properties, so it is an insulator or a-poor conductor.
Thus, the ions and electrons in the citrus fruit, seeds, skin, and
flesh are bound relatively stable. The low conductance
indicates ions strongly bound to the constituent substances of
citrus fruit.

Frequency also describes the signals transmission every

second and a number of alternating current changes per -

second. If the frequency is enlarged, the rate of changing
current direction in the external circuit will be faster. This is
the external condition of the electrical signal that will afféct
the internal conditions of Garut citrus, especially on the
mobility of electric charge.

Electrical conductance values expressed the ability of
charge movement in the material and depended on the number
of ions or free electrons of the material. Electron of conductive
material is easy to follow changes in the external alternating
current. Thus, the increasing of electrical conductance would
easily occur if the frequency is increased. While the resistive
material is not easily occur. So, the increasing in frequency
only slightly changes the conductance value of the resistive
material. This occurs also in citrus fruits.

Correlation between the frequencies with the conductance
does not occur linearly but showed exponentially. Electrical
conductance values of citrus increased slightly when the
frequency is increased. The most significant improvement
occurs when frequencies above 100 kHz. Increased frequency
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of the signal will increase the rate of movement of electric
charge, so the ions move in orange will be more effective.

If the frequency is increased, then the value of electrical
impedance of citrus fruits also decreased. This is clearly seen
in Fig.5. Electrical impedance acts as a friction to movement
of electric charges that occur in materials. Magnitude of
electrical impedance in the circuit is influenced by the
frequency, resistance and reactance. At very low frequencies
the reactance will be large, so that its impedance will be large
too. When the frequency is increased, the reactance will
decrease. This correlates with a decreasing in impedance. The
change in electrical impedance that occur at low frequency
interval has great value, which is about 637.75 €Q/Hz. While at
higher frequencies have a very small change, which is about
0.0033 Q/Hz.

Impedance value is also the total resistance of alternating
current that correlated to the conductance and capacitance as a
function of frequency. Capacitive reactance is the imaginary
impedance and its value is inversely proportional to the
multiplication of capacitance and frequency, while the
conductance is inversely proportional to resistance. When the
frequency increases, the conductance value also increased.
This would correlate with a decrease in impedance. While the
decline in the value of the capacitance and increase in
frequency will be correlated with a decrease in impedance
values. Both capacitance and conductance phenomenon would
strengthen the mutual impedance values. Overall, the
impedance will decrease if the frequency is increased.

A number of models (circuit diagrams) have been used to
describe the flow of current through plant tissues. Zhang and:
Willison [24] fitted these models to data collected using
blocks of tissue excised from carrot root and potato tuber, and
they found that the model presented in Fig. 2a most closely fit
their data. Inherent in this model is the transmembrane resistance,
which is generally assumed to be so high that it can be excluded
from the analysis [19].

1.LE+03 1
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Fig. 6. The electrical resistance changes of internal.component of Garut citrus
at various acidity based on modeling results. Internal resistance changes for R,
(a), for R; (b), for R; (c) and for R, (d).

However, in nectarine fruit tissue this assumption may not be
correct since membranes are known to become leaky during
ripening of stonefruit. Justification for the identification of the
cell wall and vacuole resistances is well established by Harker
and Dunlop in nactarine [8]. Also, in citrus fruit tissue all
assumption may not be correct since the internal tissue more
complicated. Justification for the identification of the resistance
of seeds (R;), resistance of segment (R;), resistance of
segment wall (R;), resistance of outer shell (Ry). capacitance
of segment (C,), capacitance of albedo (C3), and capacitance
of flavedo (C5) are more reliability, »

The.modeling results of the electrical circuit also shown in
Fig. 3, 4, and 5. Simulation results of capacitance,
conductance, and impedance profiles show similarity with
experimental results. It was obtained by inserting specific
values of the capacitor and resistor to models equation. This
indicates that the electrical component values which represent
the electrical properties for internal of citrus are specific. The
value for each resistor is large enough. This is possible
because the condition of citrus fruit has a lot of insulating
materials such as oil, sugar, starch, pectin, and vitamins [23].
While the value for the capacitor component is very small. It
is also possible because some of the membrane on the fruit has
relatively low capacitive properties, and the membranes
surrounding small areas separately.

The linearity and error between modeling and experiment
results for the capacitance, conductance and impedance are
shown in Table 1. Based on the parameters of deterministic
coefficient (R?) and error, the new model provides the highest
compatibility for all the capacitance, conductance and

IJENS



electrical impedance. It means that the new improved model is
the best estimation model for Garut citrus.

According to Fig. 3, the electrical capacitance of the
Hayden’s model results are less suitable than others, especially
at frequencies below 10 kHz. At this frequency, the modeling
result looks really deviate from the experiment results. This is
also shown graphically as well as with the determination
coefficient which has low value. However, at frequencies
above 10 kHz shows good fit to experimental data for citrus
fruit. While, the capacitance based on Zhang's model is
relatively more close to the experimental data than the
Hayden’s model. An improvement in the Zhang’s model is
done by inserting an additional circuit in accordance with the
physical condition of an orange. The results show that the new
model is best suited to the experimental data in almost every
frequency. This is also shown graphically as well as with the
determination coefficient which has highest value and low of
error (Table 1).

Conductance values based on the Hayden’s model for
frequencies below 50 kHz shows a good fit with experimental
data for citrus fruit, but at frequencies above 50 kHz shows a
low compatibility. While the results of the Zhang’s model and
the new model has a chart that is very close to the
experimental data on the all range of frequencies. In the
frequency range 100 kHz to 1MHz, the model of Zhang does
not have a good match. At these frequencies, the modeling
results of Zhang appear larger than the experimental data.
Thus, the correlation between the model with experimental
results is not high enough, i.e. 0.7813. This is in contrast with

- the new model. This new model has the highest compatibility.

That is’ evidenced by the high value of coefficient

deterministic, i.e. 0.9734. Overall, all models have the good fit

conductance at a lower frequency of 50 kHz and the new
model has the best fit at all frequencies.
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Fig. 7. The electrical resistance changes of internal component of Garut citrus
at various firmness based on modeling resuits. Intemal resistance changes for
R (a), for R; (b), for R; (c) and for R4 (d).

Based on the results in Fig.3, the simulation results have a
high compatibility with the experimental results for citrus fruit
at very low frequencies. But, the simulation results show
deviations from the experimental results at the frequency
range of 1 kHz to 50 kHz. Largest deviations occur for the
model adopted from Zhang. At frequencies above 50 kHz it
shows fit again. Thus, the consequences of deviations in some
frequency causes a curve fitting is not good. This is evidenced
by the very low coefficient of deterministic for the Zhang
model. Meanwhile, the impedance value of the new model is
best suited to the experimental data for all frequencies (Table
1).

Based on the internal resistance model, all of the resistances
have high value. It is correlated to the resistive properties of
Garut citrus. Value of R, (flesh / outer shell resistance) is a
highest value (Fig 6 and 7). It is possible because of its large
size and compositions. While, the seeds of citrus (R)) has
lowest resistance. It may cause by the size and amounts in the
fruit are relatively small. Also, in plant tissues, the resistance
of an extracellular pathway should be high because of the
small cross-sectional area of the wall and the low concentration
of mobile ions [8].

The values for capacitor components are small enough (Fig
8 and 9). This condition indicates that the fruit has relatively
low capacitive properties. Thus the reactance and/or
impedance will become greater when the frequency is small.
This was confirmed by the data of experimental results for
impedance. The smallest value of capacitance is the segment
capacitance. This is possible because the segment is composed
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of many parts of juice sacs membrane [23] that arranged in
series. So the total capacitance of the segment will be small.

Citrus fruits are non-climacteric, they do not ripen after
harvest and do not show any respiratory rise accompanied by
major changes in flavor and biochemical composition after
harvest in relation to ripening [23]. Immature fruit is usually
very acid and has an internal texture that is coarse.

In this study, the maturity behaviors of citrus fruit are
characterized by a pH increasing and firmness declining. The
pH of citrus juices also provides an idea about the acidity of
fruit, and it could be one way of expressing acidity. The
firmness provides a texture of fruit. Decreasing the acidity of
fruit marked with decreasing concentration of hydrogen ions,
accompanied by a decrease in firmness of fruit. It was a scene
when the fruit has increased maturity.

During normal fruit ripening, firmness declines and the
melting texture characteristic of fruit develops because of
changes in cell wall composition and cell wall hydration [8].

The decrease in acidity was considered to be due to dilution
as the fruit increased in size and in juice content. Organic
acids are respiratory substrates in the fruit. Higher respiratory
quotient (CO; produced/O, consumed) indicates utilization of
acids, mainly citric and malic acids through the TCA
(tricarboxylic acid) cycle, in which acids are oxidized and
ATPs are formed for synthesis of new compounds. Several
metabolites are formed during the process [23].

Decreasing in acidity of the fruit is accompanied by
decreasing internal resistance (R; to R,) and increasing in
membrane capacitance (C; to C;) as showed in Fig 6 and 8.

The entire figure shows nonlinear relationship. A decrease in -

internal  fruit “resistance may be related to increased

concentration of mobile ions in cell wall and/or increase in-

cross-section of the cell wall. Cell wall resistance declined as
freshly harvested fruit ripened, and this decline was closely
related to changes in fruit texture. Increasing in firmness or

texture of the fruit is accompanied by increasing internal
resistance (Fig 7) and decreasing in membrane capacitance

(Fig 9). An increase in internal fruit resistance may be related
to decrease surface area of thé cell wall [8].

During ripening, extensive changes may occur in the cell
wall, membranes and the composition of the cell contents [25].
All of these changes would affect the capacitance of the
tissues. If the permeability of membranes around the
cytoplasm were affected in such a way as to eliminate ionic
polarization in the region of the membrane, large changes in
Capacitance would occur. Thus, effects on membranes and
interfaces could be a major cause of changes in both the
electrical resistance and impedance in citrus.
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1II. CONCLUSIONS

Interpretation of electrical properties gives a chance to
study the behavior of Garut citrus fruits maturity. None of the
electrical models was able to predict all of the behavior
changes expected to occur during ripening. The models have
improved our understanding of Garut citrus fruit ripening that
membrane capacitance and tissue resistance changes are
accompanied by firmness and acidity changes in fruits. The
changes of tissue resistance and membrane capacitance
indicate the changes in mobility of ion in cell and
physiological changes of fruits during ripening.

The scope of all discusion of this papers be used only
for the healthy citrus fruits. However, this paper does not
examine the contents of fruits damage, disorder, or biological
activity associated with the electrical behavior of citrus. This
limitations should be taken into account when this method is
proposed as a comprehensive evaluation to study the behavior
and properties of citrus fruit.

- V. FUTURE WORK

In future studies, the dominant frequency of the electrical
signal that can detect changes in the internal properties of the
fruit needs to be assessed accurately. Resonance frequency of
the fruit also needs to be studied as a consideration in the
determination of fruit quality. The correlation between the
qualities of citrus fruit with electrical parameters needs to be
studied more comprehensive. So the prediction of fruit quality
parameters based on the electrical properties can be found.
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