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ABSTRACT Palm oil sector is considered one ofmain economical contributions in countries such aMalaysia
where approximately 6.1% of their Gross Domestic Product (GDP) is contributed. Low Oil Extraction
Rate (OER) from poor quality fresh fruit bunches have led to a decrease the oil palm production. The
traditional method of using human naked eye to inspect the Fresh Fruit Bunches (FFB) during reception
process is one of common methods that is still being practiced which eventually would lead to inaccuracy in
grading and harvesting. This paper presents a new approach to identify the maturity of oil palm fruit using
fruit-based maturity sensor and the electronic circuit. The study utilizes multiple terminals to evaluate the
sensitivity of the sensor by analyzing the relation between the load voltage and the moisture content in the
oil palm fruit. The sensitivity of the sensor increased by three-fold when four terminal fruit battery was used
compared to single terminals with 47.61% for the moisture range of 50-80% value. This proposed approach
significantly improved the accuracy in grading the oil palm fruit which is the most common challenge posed
during the reception process.

INDEX TERMS Fresh fruit bunches, fruit battery, oil palm maturity sensor, sensor voltage.

I. INTRODUCTION
The palm oil industry is one of the important sectors with
56.7% coming from Indonesia and 27.3% from Malaysia
which makes up the total world palm oil production capacity.
This translates to 6.1% of GDP contribution to the Malaysian
Economy. Malaysia witnessed a commendable increase to
16.05 million tons in 2016 from the 90 500 tons in 1960 [1].
The high increment of exports in 2016 placed Malaysia as
the second largest exporter and producer of crude palm oil
(CPO) [2].

The production quality depends on the quality of Fresh
Fruit Bunches (FFB) as the maturity varies from bunch to
bunch and cumulative harvesting often leads to low CPO
production. This remains the biggest challenge as in most of
the conditions, harvesting is decided and based on the visual
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inspection of the maturity grading for harvesting by the farm-
ers. This translates to a huge loss of close to USD 0.19million
in the oil production, mainly due to unripe inspection by the
settlers [3].

The FFBs that are shipped to the mills need to go through
a screening process before going through the further Oil
Extraction Rate (OER) measure because some harvesters
remove the oil palm FFBs from the tree, but not according to
the maturity of the fruit. For instance, the ripe FFBs may be
harvested with unripe ones during the low harvest time frame
to maintain their income and thus overlook the harvesting of
the ripe FFBs during the high harvest time frame, and this
in turn tends to become overripe by the next reaping session.
Hence, to hold the OER value to be high, it is important to
harvest at the point when the maturity level of the FFB is
critically high.

Imaging techniques and computer vision are short of
well-known methods in determine the grading of oil
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palm [4]–[8]. Machine visioning through RGB decoding
(Red, Green, Black) is also used to differentiate the type of
oil palm [9]– [13]. Bensaeed et al. [14] has utilized a hyper-
spectral device andmachine learning algorithm to classify the
various wavelength from the various types of oil palm fruit to
grade the oil palm. Thermal sensor prototype, based on its
mean temperature is introduced in [15]. Inductive type was
introduced by Harun et al. [16] that utilized the frequency
variations to measure the maturity of oil palm fruit bunches.
The sensitivity of the inductive concept was improved from
the above research in [17] and a dual flat-type shape of the
air coil sensor was introduced in [18]. Jamil et al. [19] and
Fadilah et al. [20] utilized a neural network and the fuzzy
technique to classify the ripe oil palm fruit as further develop-
ment in this area. Imaging techniques, computer vision, and
color vision have limitation in mobility because it requires
very sophisticated equipment. Therefore, the oil palm fruits
need to be transported to the location where this equipment is
installed. As a result, the operation in detecting the ripeness
of oil palm will be delayed and the effectiveness of such
approach will be diminished.

Instead of using imaging techniques, computer vision, and
color vision, Minakata et al. [21] introduced fruit battery to
detect the ripeness of the oil palm with zinc and copper was
used as an electrochemical cell. In this study, load voltage
is generated from the fruit battery experiment and moisture
content determination is measured to identify how ripe the
fruit are. The unripe fruit shows low load voltage while ripe
fruit shows higher load voltage. Nevertheless, a fruit battery
method generates unstable data measurement on its own
[21], [22]. To overcome and address this a charging method
has been proposed and applied to the fruit battery experiment
to determine the stability and reliability of the data. This
approach encompasses a fruit battery with charge switching.

This paper focuses on the improvement of the fruit bat-
tery concept with charge switching as the oil palm maturity
sensor. The electrodes used in this work are copper and
aluminum where copper was previously used in combination
with zinc [21]. The voltage sensor is used to detect the voltage
flow through the load resistance after which, the voltage is
sensed by the controller. This sensor provides good mobility
since all the equipment is portable and quite inexpensive.
It can also identify the maturity of oil palm immediately in
the field because it does not require additional analysis.

II. ELECTROCHEMICAL FRUIT BATTERY SENSOR
The proposed oil palm maturity sensor introduces a system
to detect the ripeness of oil palm based on the load voltage
readings and the moisture content of oil palm. The main part
of the oil palm maturity sensor is fruit battery sensor with
charge switching. Fruit battery sensor is an electrochemical
cell sensor that generates small currents from the chemi-
cal reaction that occurs in the fruit battery. Two electrodes,
i.e., Aluminum and Copper is thrust onto the oil palmwith the
oil palm as electrolyte. Fig. 1 shows the schematic diagram

of fruit battery where the electrodes are pricked onto the
fruit mesocarp. When the switch S1 is turned on, the voltage
Vh charges the fruit for specific charging time. The fruit
battery circuit that is connected as S2 is turned on with S1
opening and causing the energy of the fruit battery to then
be discharged through the circuit. This charging approach
increases the sensitivity of the sensor and helps to differ-
entiate the ripe from the unripe based on their load voltage
readings.

The charge switching method used in this study helped
to obtain a steady-state operation in the fruit battery and
acquired a significant value of the load resistance voltage.
The performance of the fruit battery with and without charge
switching is shown in Fig. 2. It illustrates the readings of
the load voltage once the energy from the fruit from charge
turns to a discharge state. The load voltage readings indicated
a maximum start value as energy began to be discharged
from fruit battery when switch S2 of the fruit battery was
closed. This is because the fruit received high energy from the
power supply when switch S1 was closed. Then, the energy
decreased to the consistent value when the energy discharge
arrived at a steady state. It has been observed that the sensi-
tivity of the load voltage increases up to 4 times of the load
voltage without charge switching.

The charging time, charging voltage, and load resistance
are chosen based on the probability error value. Based on
the experiments carried out on the various oil palm fruit,
the charging time, charging voltage, and load resistance were
found to be 10s, 250V and 100�where the P value (probabil-
ity of error value) was 8.811 × 10^-8 The P-value obtained
was less than 0.05 (5%) which is statistically significant. The
data analysis involved the automated simulation to obtain
results from the different regression data. The P-value was
obtained from the simulated calculation of the average load
voltage against moisture content. The lower P-value indi-
cated that there are obvious differences between the data
points in the random sample chances. The fruit battery sensor
presented a reliable detection between the ripe and unripe
fruit. The 10s of charging time, 250V of charging voltage,
and 100� of load resistance gave the lowest probability
error compared to 5s and 15s, 500V and 1000V, and 500 �,
respectively.

Based on the manual for insulation, continuity tester
3132A, when the 250V of normal output voltage is applied,
the maximum resistance is 100 M�. Therefore, the estimated
current during the charging process according to Ohm’s Law
is 0.0025mA. The current passed through the fruit is assumed
to be similar for every single sample because of the appli-
cation of the same charging time as well as the charging
voltage. When the fruit is charged, the load voltage value
differs between the unripe and ripe fruit due the presence
of ions in the form of fruit moisture content. The ripe fruit
consists of low moisture content and high levels of lipid
compared to the unripe fruit and is experimentally tested and
presented in [23].
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FIGURE 1. Fruit battery sensor with charge switching.

FIGURE 2. Load voltage variations.

III. METHODS
Fig. 3 shows the fruit battery sensor with the external circuit
for the fruit battery sensor, dual amplifier, voltage sensor,
and Arduino. Due to the chemical reaction that occurs in the
fruit battery, the load voltage is generated and will then flow
into the dual amplifier. Dual amplifier used in this system
is LM358 and it acts as voltage gain amplifier. It is made
up of an integrated circuit that consists of two amplifiers,
the first stage increases the voltage up to 11 times followed
by the second stage, to 3 times. Therefore, the load voltage
from the fruit battery increases up to 33 times, which tends to
increase the accuracy of the voltage sensor when the voltage
is detected and can show a very significant value of the
voltage for each grade of oil palm fruit. Then, the amplified
voltage flows into the input of the voltage sensor to measure
and detect the Direct Current (DC) voltage in the circuit.
The calculation of the detect voltage is based on the volt-
age divider rule. An analog signal from the voltage sensor
is directed to the microcontroller. Microcontroller acts as
a minicomputer that controls and monitors any peripheral
device connected to it. The microcontroller used in this study
is ‘Arduino Due’ due to the high clock speed (16 MHz) that
comes with an auto reset feature. It is cost effective, reliable
to use, and is fast processing. The category of oil palm,
whether unripe, under ripe, or ripe is be displayed on the serial
monitor of the Arduino software. The sampling frequency of
the sensor is 29.4 Hz as it can detect the load voltage of the
resistance for every 34 milliseconds.

FIGURE 3. Oil palm maturity sensor.

The charging time is set at 10s and after 10s, it is switched
S2 is closed immediately and the chemical reaction in the
fruit occurs. The load will drop the voltage across the 100 �

resistor and is available at the input terminal of the dual
amplifier.

As seen in Fig.1, when both the switches are in OFF con-
dition the circuit is open and hence no electric current flow.
Therefore, the electrons will not flow from the aluminum to
the copper. When S1 is closed for 10s, the electrical current
of the voltage will flow through the circuit and charge the
fruit. The electrical energy is then converted to chemical
energy inside the fruit. When S2 is closed, the fruit battery
will be connected, and this will cause the energy to be dis-
charged through the circuit due to the flow of electrons from
the aluminum to the copper. Thus, oxidation and reduction
reactions could not take place before switch S2 is closed.
By this method the chemical reaction occurrence, even before
the switch stages is reduced.

Misron et al. [22] in their earlier work demonstrated that
the difference of the load voltage readings between the unripe
and ripe fruits, with charging and without charging was
highly significant. Due to the significant difference of the
load voltage readings, the fruit battery sensor with charge
switching helped to determine the ripe and unripe fruits
easily. Amplifiers were used to obtain the data of the load
voltage through the voltage sensor, however, the difference
of load voltage between the ripe and unripe fruit remain the
same as they increased the signal of the load voltage, for
better sensitivity of the sensor. It must be noted that only
sensitivity of the sensor has been examined and described
here. For future work, in order to determine the difference of
accuracy between the charging and without charging process,
investigations on accuracy of the sensor may be conducted.

Fig. 4 shows the raw data of the voltage detected by the
voltage sensor for a single reading Vs of a sample of ripe
fruit which is recorded for analysis. The voltage sensor senses
the voltage flow through the circuit for every 34ms and will
then send the data to the microcontroller. In the Arduino
programming software, it defines the early voltage as ‘old
value’ and next voltage as ‘new value’. When it detects the
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next new voltage, the new voltage will be of the ‘old value’
and the next new voltage recorded will be as ‘new value’.
The voltage sensor will send data to the microcontroller until
it detects the ‘new value’ which would be less than the ‘old
value’. For instance, the microcontroller received increasing
data trend from point A to D and decreasing trend from
point D to G as illustrated in Fig. 4. Point D stands for the
old value once the microcontroller receives data for point E
and point E would be the new value. Because point E is lower
than point D, themicrocontroller would display point D as the
maximum data that has been received, and that data would
then be used to grade the oil palm fruit.

FIGURE 4. The measurement of sensor voltage for single reading.

Once the microcontroller detects the maximum voltage of
the oil palm fruit, the received maximum voltage is used to
grade the maturity of the oil palm fruit. Table 1 summarizes
the various voltage range and fruitlet surface color for each
grading of the oil palm fruit for the triple number of termi-
nals. The color of the fruitlet surface is based on the MPOB
standard [24].When the color of oil palm fruit is black to dark
purple and the voltage detect from the sensor a range of 1.0 V
to 2.3 V, it is classified as unripe fruit, and if the color is dark
brown to dark orange and the voltage is quite high, up to 3.3 V,
it is classified as an under-ripe fruit.

Also, to note during the development of the sensor detec-
tion, the moisture content estimation was added into experi-
ment part is to act as reference. Because of the drying process
took an hour to determine the moisture content, several data
and testing were recorded to know the range voltage for
every type of the oil palm fruit. If this experiment is carried
out without a drying process, the ripeness of the oil palm
fruit cannot be classified accurately. Even though the fruitlet
surface appears to be ripe, the maturity of the fruit cannot
be precisely determined. Therefore, determining the moisture
content of oil palm fruit after the experiment is important
for classifying the maturity of the fruit. For the ripe fruit,
the moisture content is below that 50%, under-ripe is in
between of 50% to 80% and unripe fruit is more than 80%.
Based on the moisture content determination, the range of the
voltage is varied for each grading. From the ‘‘range voltage’’
that obtained from different samples, the range voltages are

aligned with the moisture content of the fruit. When imple-
menting this sensor for field testing, the sensor will detect
and show the value of the sensor voltage. Then, the range
of the percentage of moisture content inside the fruitlet may
be determined using that voltage value. So, in the range of
the percentage of moisture content, the oil palm fruit can be
determined whether it ready to harvest or not. Significantly
this method is cost effective, it can be an additional or alterna-
tive source of oil palm fruit maturity checking in the oil palm
mill during inspection as well during harvesting [25]. This
sensor is proposed to ensure that the factory would be able to
process the high quality of fresh fruit bunches towards better
Oil Extraction Rate. In some conditions, the human naked
eye cannot differentiate the color of the oil palm fruits, which
resulted in harvesters collecting under ripe oil palm fruit and
storing it until the color changes before sending it to mills.
As the color of underripe fruit transform after storage, the
quality of the samples decreases thereby the extraction rate
from the fruit bunch [26]. In this approach proposed here,
it took approximately 30 seconds compared to the conven-
tional method to detect load voltage and classify the ripeness
of the oil palm fruits to determine the effectiveness of the
quality of extraction. Therefore, this sensor targeted to be
used in the factory before the oil extraction process is carried
out, is used for selected fruit only.

TABLE 1. Oil palm fruit maturity grading [23].

The flowchart regarding the software implementation is
shown in Fig. 5. Conditional statements in programming
are used to determine the grading of oil palm fruit but the
grading still depends on the color of the fruitlet. Normally,
it is difficult to differentiate the under-ripe from the ripe
during the screening process because of the fruitlet surface
is almost the same. Therefore, this sensor detects the voltage
based on the voltage value, and the ripeness of the oil palm
fruit is determined. For instances, the sample is tested using
this sensor and the serial monitor displays ‘‘under-ripe’’, it
means that the voltage of the samples is high, which is more
than 3.3V and the fruit maturity is then graded as under-
ripe. The sensor voltage for each grading is verified based
on the previous work done by Misron et al. [22], [27] as it
showed the same characteristics between themoisture content
and the sensor voltages of the samples. The moisture content
estimation is added into the experiment stage to enable the
results to be more reliable. Based on the ‘‘range voltage’’ that
has been obtained from different samples, the range voltages
are aligned with the moisture content of the fruit. As shown
in Table 2 in Section IV, for ripe fruit, the range voltage is
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FIGURE 5. Harvest ready condition decision.

2.3 V < Voltage < 3.3 V and the range moisture content
for ripe fruit is less than 50%. Therefore, even the surface
of fruitlet has changed, the references of the moisture content
and range voltage can be referred.

Four different terminals were used to determine the effect
of the terminals to the performance of the sensor, i.e., one-
terminal, two-terminal, three-terminal, and four-terminal.
The maximum number of sets of terminals is kept at four
due to the limited space and size of the pin diameter for
the minimal available average size of the palm fruit [28].
For a single terminal, it consists of a set of aluminum and
copper pricked onto the fruit while dual terminal consists of
two sets of aluminum and copper, triple terminal consists
of three sets of aluminum and copper, and four terminal
consists of four sets of aluminum and copper as illustrated
in Fig. 6. The dimensions of all the different number of
terminals are the same, the difference is only the number of
sets of the aluminum and copper pricked onto the fruit. The
sets of aluminum and copper are placed in a circular position.
The size of electrodes also is very small, and the pricking
is not too deep, to avoid destroying the mesocarp flesh.
The connection of the sets of terminals is shown in Fig. 7.
Aluminum electrodes are connected in parallel and share one
point, while copper electrodes also connected in parallels
and share one point. In the fruit battery sensor, the point of

Al will be connected to the switch while the point of Cu
will connect to the resistance. Since the fruit is placed on an
insulator, the cork surface layer at the clamp that tighten the
fruit position is set in place to avoid the leakage current.

FIGURE 6. Set of terminal’s number.

FIGURE 7. Connection of terminals.

The fresh of the oil palm fruits were collected on the same
day as the experiments were conducted to avoid degrading of
the moisture content in the fruit. The maturity of the oil palm
at first is classified based on the percentage of the moisture
content. The load voltage is plotted based on the moisture
content inside the oil palm fruit to determine the ripeness of
the oil palm fruit. The oil content of oil palm fruit increases
as it matures, while the moisture content decreases as it is

VOLUME 9, 2021 128161



N. Misron et al.: Implementation of Four Terminal Fruit Battery With Charge Switching

TABLE 2. Test measurement data.

converted to lipids [21]. The load voltage of unripe fruit tends
to be lower than ripe fruit due to higher moisture content
inside the fruit. Therefore, it is importance to do the drying
process to determine the moisture content which can be used
as a point of reference.

To ensure the effectiveness and reliability of the moisture
content, the testing is carried out multiple times to ensure that
the data is reliable for all ripeness and data range. Thus, after
the data obtained is determined to be reliable, the field testing
can be carried out without moisture content implementation.

There are around 10 samples of unripe, under-ripe, and
ripe oil palm fruits that were tested, respectively. Each
sample underwent the drying process after the experiment
was carried out for moisture content determination using
an infrared moisture determination balance FD-610 by Kett
Electric Laboratory. 75% of the sample was cut and weighed
before the drying process. The drying process was carried out
utilizing a temperature of 115◦C for 60 minutes. The dried
sample was weighed and recorded as after the drying weight.
The moisture content was calculated using equation (1),
where w is moisture content, wb is weight of sample before
the drying process, andwa is weight of sample after the drying
process.

w(%) =
wb − wa
wb

× 100 (1)

IV. RESULT AND DISCUSSION
The summary of the grading of oil palm fruit in terms of
moisture content w, voltage value and fruitlet surface color
for seven different samples are presented in Table 2. The

manual visual inspection on the color of the FFB is compared
to give clear indication of the necessity for maximizing the
OER of the oil palm fruit. The readings of each sample were
repeated at least three times to confirm the repeatability of
the measurements. As seen in Table 2, Load Voltage VL
is the average primary voltage drop at the load resistance,
Amplified Voltage Vamp is the average original voltage that
has been amplified by the dual amplifier, and sensor volt-
age Vsensor is the average sensor voltage which is used to
acquire a single data before plotting the moisture content and
is dependent on the sensitivity of the sensor performance.
Both VL and Vamp are obtained through the oscilloscope, and
Vsensor is the voltage that is obtained from the Arduino. The
sensor voltage for every sample is different, even the fruitlet
surface color is almost the same. For instance, the color of
sample 3 and sample 4 is very close but in terms of sensor
voltage, sample 4 gave a higher voltage which is more than
3.3 V compared to sample 3 which is only 3.15 V. It clearly
shows that, sample 4 is the under-ripe oil palm fruit while
sample 3 is the ripe oil palm fruit.

Besides, the ripeness of the oil palm is classified based
on the sensor voltage Vsensor and moisture content w. The
sensor voltage Vsensor of each sample of the oil palm fruit are
plotted based on the moisture content w for each grade of oil
palm fruit which is illustrated in Fig. 8. The sensor voltage
Vsensor is at the y-axis and the moisture content of the samples
w is at x-axis. The average data is illustrated as a black
circle while the red line indicates the polynomial expression
following the trend of the graph. The voltage difference of
the sensor voltage 1Vsensor is analyzed between the region
of the moisture content difference 1w from 50% to 80% to
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observe the sensitivity of the sensor when changing the set of
the terminal’s numbers. It has to be noted that only the under-
ripe and unripe quality of the voltage difference is examined
and described. From the measurement, unripe fruits show
the lowest voltage recorded compared to ripe and under-ripe
samples and the sensitivity of sensor voltage, 1Vsensor where
50% < w < 80% is 0.88 V.

As seen in Fig. 8, the red line can reach to the voltage
sensor value of 3.2 V for two different moisture content value.
For this condition, the grading of oil palm fruit identified by
observing the fruitlet surface color. If the color of the oil palm
fruit is a darker brown to dark purple, it is classified as under-
ripe fruit and if the color is dark red to yellow orange, it is a
ripe fruit.

The charging is not changing properties of the fruit because
each sample is repeated at least three times to confirm the
authenticity of the measured value.

Most value of the readings does not indicate much dif-
ference as displayed in table below. For sample 1, the sen-
sor voltage for three repeated readings is almost the same,
i.e., 2.58 V, 2.55 V and 2.56 V. This is also proven by
the unripe fruit as well as the under-ripe fruit. Also, after
the charging experiment, the fruit undergoes the moisture
content determination experiment. The moisture values of
the fruit remain as its characteristic and will not disrupted
by the charging properties. For instance, for the ripe fruit,
the moisture content still below 50%, while for unripe fruit,
the moisture content will be more than 80%.

FIGURE 8. Voltage sensor measurement.

The effect of the different terminal is explained
in Fig. 9 which the parameter chosen is RL = 100�, VC =
250V and tC = 10s to test all four different terminals.
The data is recorded and then summarized in Fig. 9. Fig. 9
shown below represents the graph for sensor voltage, Vsensor
against moisture content, w for different terminal. The line
indicates the polynomial expression following the trend of
the graph. The moisture content w is less than 50% and is
considered as ripe oil palm fruit. Based on the triangle line,
the difference of sensor voltage, 1Vsensor obtained between

FIGURE 9. Sensor voltage of different terminal’s number.

FIGURE 10. Performance comparison between difference terminal’s
number.

50% and 80%moisture content, is 0.48 V. The single terminal
fruit battery shows that it has the lowest sensitivity. The
circle line indicates the dual terminal fruit battery sensor
contains varieties of fruit battery maturity. The Vsensor against
w the difference of sensor voltage 1Vsensor where 50% <

w < 80% is 0.93 VCompared to a single terminal sensor,
the sensitivity sees a double increase when the set number of
electrodes increases and in terms of accuracy, single terminal
reached 95.83%while dual terminal reached 87.5%. Besides,
the square line shows the three terminal fruit battery sensors
of Vsensor against w graph. From the measurement, the dif-
ference is sensor voltage, 1Vsensor obtained 0.97V between
50% and 80% of moisture content. There is a slight increment
and a higher than single terminal sensor. The accuracy of the
triple terminal fruit battery sensors is 93.1%. The diamond
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line shows the polynomial expression for four terminal of
fruit battery sensor when tested on a variety of fruit ripeness.
The difference of sensor voltage where 50% < w < 80%
is 1.23 V and the accuracy is 87.5%. The sensitivity of
the sensor increasing at a triple rate compared to the single
terminal sensor which has the highest sensitivity on average,
the accuracy for all terminals is about 90%.

Fig. 10 shows the bar chart for all four different terminal
sensors which is illustrated in voltage difference of sensor
voltage 1Vsensor against type of sensor’s terminal number.
From the results shown, it is concluded that the increase in
the sensor’s terminal number, the higher the sensitivity of the
sensor in detecting the oil palm ripeness due to the increase
of equivalent surface area of the electrode.

V. CONCLUSION
The ripeness of oil palm fruit is of importance to obtain
quality OER. The FFBs need to go through the screening
process which is usually carried out via a manual inspection
to determine the grading of oil palm fruit. This paper presents
the fruit battery with charging method to facilitate people
and to avoid inaccuracy during the screening process. The
improvement is achieved on the fruit battery and charging it
with charge switching approach. It shows that the ripe and
under-ripe oil palm fruit is differentiated based on the voltage
value. Moreover, the performance of the sensor increases
three times when four terminal fruit battery is tested. The
increased sensitivity on the ripeness factor adds value to the
oil that is extracted when embedded with other techniques
such as the imaging or machine vision techniques. This con-
tributes to increased performance in palm oil harvesting with
the accurate prediction for maturity. An advanced functional
material can be considered for future works to get a better
and accurate result, as well as improve the performance of
the sensor.
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