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The oil palm fresh fruit bunches (FFB) has different maturity grading according to
MPOB guidelines. Throughout the transferring process of FFB to the mills, the reception
process of the FFB might contain various type of gradings which could affect the quality
of the oil production. The FFB harvest from the oil plantation might be in low quality
grading, immature or rotten when inspected during mills inspection. Since the FFB
received at the mills might not be matured or ripen enough due to those several factors,
human inspection using eyes could not measure the ripeness content that can give
inaccurate grading of the FFB to be processed. Thus, a sensor or measuring instrument
that highly sensitive and reliable is needed to measure and analyse the various grading of
the oil palm fruit. Based on previous research works, none of the method using the
charging method to be applied to the fruit battery experiment where in this study, a fruit
battery-based sensor with a charging mechanism is proposed. An oil palm fruit battery
sensor is designed and fabricated with aluminium and copper electrodes to test on the oil
palm fruits from the FFB. The fabrication of the sensor consisted of four different types
namely single, dual, three and fourth-set terminal type. Each structure of the sensor
consisted of different pairs of electrodes number and different dimension size. The
experimental measurement was conducted on various samples collected on the day of the
testing such as ripe, under-ripe and unripe. Parameters of load resistance R, charging
voltage, V¢, and charging time, t; are tested and compared to identify its effectiveness and
the best condition in sensor sensitivity performance. The evaluation from the moisture
content determination is taken to compare the values and correlation with the average
load voltage, Vayg Obtained. A basic mathematical expression is used to analyse the
graphical result by using integration and fitting line expression to conclude the ideal
parameter set for the electrochemical cell sensor. A sensitivity performance is calculated
to justify the development of the different types of sensor. Ideal parameters of R =100Q,



V=250V and t.=10s are chosen to test on the other sensors where the development of
electrodes numbers increases the sensitivity performances. A comparison of the sensor
performance with a different set of the terminal is compared to identify the ideal sensor
for ripeness detection. Thus, from the test results, it was found that the fourth-set type
has the highest sensitivity which is 0.586 and the sensor performance increases around
154.78% from single to the fourth-set terminal sensor type. In conclusion, the charging
method improving the sensitivity of the fruit battery sensor and it is verified that the
sensor can determine the ripeness of the oil palm sensor. From the data consisted
different parameters value, it is assumed that it can be a reference and alternative
technique to grade the oil palm FFB ripeness.
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Tandan buah segar kelapa sawit (TBS) mempunyai penilaian kematangan yang berbeza
mengikut garis panduan MPOB. Sepanjang proses pemindahan TBS ke kilang, proses
penerimaan TBS mungkin berisi berbagai jenis penggredan yang dapat mempengaruhi
kualiti produksi minyak. Penuaian TBS dari ladang minyak mungkin dalam tahap
penilaian rendah, tidak matang atau busuk ketika diperiksa selama pemeriksaan oleh
kilang. Oleh kerana TBS yang diterima di kilang mungkin tidak cukup matang atau
tidak cukup masak kerana beberapa faktor tersebut, pemeriksaan manusia
menggunakan mata tidak dapat mengukur kandungan kematangan yang dapat
memberikan penilaian TBS yang tidak tepat untuk diproses. Oleh itu, penderia atau alat
ukur yang sangat sensitif dan boleh dipercayai diperlukan untuk mengukur dan
menganalisis pelbagai penilaian buah kelapa sawit. Berdasarkan karya penelitian
sebelumnya, tidak ada satu pun kaedah yang menggunakan kaedah pengecasan untuk
diterapkan pada eksperimen bateri buah di mana dalam kajian ini, penderia berasaskan
bateri buah dengan mekanisme pengecasan. Penderia bateri buah kelapa sawit direka
dan dibuat dengan elektrod aluminium dan tembaga untuk menguji buah kelapa sawit
dari TBS. Fabrikasi penderia terdiri daripada empat jenis yang berbeza iaitu jenis
terminal tunggal, berganda, tiga dan empat. Setiap struktur penderia terdiri daripada
pasangan bilangan elektrod yang berlainan dan ukuran dimensi yang berbeza.
Pengukuran eksperimen dilakukan pada pelbagai sampel yang dikumpulkan pada hari
ujian seperti masak, belum matang dan belum masak. Parameter rintangan beban, R,
voltan pengecasan, V. dan masa pengecasan, tc, diuji dan dibandingkan untuk mengenal
pasti keberkesanannya dan keadaan terbaik dalam prestasi kepekaan penderia.
Penilaian dari penentuan kadar kelembapan diambil untuk membandingkan nilai dan
korelasi dengan voltan beban purata, Vayg, yang diperoleh. Ungkapan matematik asas
digunakan untuk menganalisis hasil grafik dengan menggunakan integrasi dan ekspresi
garis sesuai untuk menyimpulkan set parameter ideal untuk penderia sel elektrokimia.
Prestasi kepekaan dikira untuk membenarkan perkembangan pelbagai jenis penderia.
Parameter ideal R .=100Q, V=250V dan t;=10s dipilih untuk diuji pada penderia lain di



mana pengembangan nombor elektrod meningkatkan prestasi kepekaan. Perbandingan
prestasi penderia dengan set terminal yang berbeza dibandingkan untuk mengenal pasti
penderia yang diidamkan untuk pengesanan kematangan. Oleh itu, dari hasil ujian,
didapati bahawa jenis set keempat mempunyai kepekaan tertinggi iaitu 0.586 dan
prestasi penderia meningkat sekitar 154.78% dari satu ke jenis penderia terminal set
keempat. Kesimpulannya, kaedah pengecasan meningkatkan kepekaan penderia bateri
buah dan disahkan bahwa dapat menentukan kematangan penderia kelapa sawit. Dari
data yang terdiri dari nilai parameter yang berlainan, dirumuskan dapat menjadi
rujukan dan teknik alternatif untuk menilai kematangan TBS kelapa sawit.
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CHAPTER 1

INTRODUCTION

This chapter explains the general information on the research project. The related
research problems are explained and elaborated with several objectives to improve and
implement the research work regarding the problems. The work attribution for each
chapter is explained in this part with the outline of this research study.

1.1 Background

The oil palm industry in Malaysia is known to be one of the aspects of contributing
growth to our country’s economy. It was nearly 100 years of the oil palm industry
started since it was first introduced in 1917. In the last five years, the oil palm industry
contributed around five to seven percent to Malaysia’s Gross Domestic Product (GDP)
with RM64.24 billion annually in its export revenue. Furthermore, the expansion of the
oil palm market globally exported to more than 190 markets show the high demand for
oil palm products. Therefore, Malaysia has considered one of the biggest exporters and
producers of oil palm products that it is essential for worldwide needs, which increased
the country economically [1]. The oil palm Elaeis guineensis type is well known to be
used due to its thin endocarp and thick mesocarp with an average size of the kernel,
which also relates to palm oil’s growing demand whether locally or globally [2].
Sustainable palm oil production encouraged the industry, governments and researchers
to increase the yield of oil palm productivity [3]. Generally, there are two types of oil
derived from the oil palm fruit: crude palm oil (CPO) and palm kernel oil (PKO). High
quality CPO is extracted from the fresh mesocarp of oil palm fruit in the milling
process while the palm kernel is delivered to other mills for PKO extraction. The oil
production undergoes several milling processes such as crushing, sterilisation,
threshing, etc., after receiving the fresh fruit bunches (FFB). The increment in palm oil
markets has shown that the oil extraction rate (OER) is one of every mill’s main
focuses to achieve in their target [4]. It shows that the grading of the oil palm fruit
procedure is one of the central parts that play an important role in a good quality grade
of FFBs. About 80 million Malaysian Ringgit (MYR) lost as what happened to Felda
Global Venture (FGV) before 2017 due to unripe bunches reception from the settlers
[5]. This defines that the mill’s role needs to consider every aspect in producing great
quality OER. According to the oil palm grading manual published by the Malaysian
Palm Oil Board (MPOB), the standard procedure or method for grading the oil palm
fruits is generally performed by visual inspection of human graders. The inspection
procedure is performed based on the visual colour characteristic on the surface of the
FFB and the number of loose fruits detached from the bunch [6].

During the previous few years, various methods of study on oil palm fruit ripeness have
been introduced and developed throughout many years. One of the popular methods in
oil palm grading is a colour vision system with RGB and an image acquisition process
[50-53]. Other method involving infrared [54-56], ANN [57], laser-based [58-61],
temperature [62], fluorescence [64-65], MRI with NMR [63] and inductive concept
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[66-70] are introduced and tested. However, the main issue of all these methods is the
testing suitable for indoor application and complicated equipment where it limits the
outdoor testing.

This thesis presents a fruit battery concept with a charging method that is not practised
in the current research study yet. The fruit battery with charging concept idea has a
passive characteristic and simple to design where it has become one of the reasons the
idea of the study is chosen. The charging concept approach is used in this method to
emphasize the differences between various oil palm grade and conclude the ideal
sensor that has the highest sensitivity performances for detection. The primary fruit
battery design shows its effect in different load resistance testing with specific
dimension structure of electrodes in the previous research work [71-72]. The research
then continues with computer vision to compare the features tested. Then, a fruit
battery with different materials to replace the previous research study using aluminium
and copper is introduced in this thesis for ripeness detection. The current fruit battery
sensor is designed and fabricated so that it can be tested and implemented with a simple
method in maturity detection. Hence, the charging concept is suggested to improve the
sensitivity of the sensor and undergo comparative analysis between different types of
sensor.

1.2 Problem Statement

Oil palm grading process is one of important aspect needs to be considered for better
palm oil extraction rate (OER). Varies factors started from the harvesting of the FFB to
the mills that might affect the mills’ OER performance. The human grader to grade the
oil palm fruits has always been the traditional way to determine the ripeness of the FFB
[6]. Nonetheless, the human grader’s visual inspection may lead to an error when
clarifying the ripeness of the bunch by looking only at the colour surface and the fruits
loose from the bunch. The problem included when some of the FFBs that are left out or
forgotten during transportation, make the bunches turning to over-ripe or not fresh
anymore by the next harvesting. Some of the ripe bunches left out not harvested might
turn to over-ripe by the next time harvesting round [7]. These problems will occur
during the inspection procedure because the naked eyes of human workers could not
determine the ripeness of the oil palm for a better oil extraction rate. The categorisation
of oil palm ripeness FFB during the mill’s inspection to obtain the quality and high oil
content of FFBs will be the main challenge for great grading procedure. Hence, this
problems lead to various research technology implemented to determine the ripeness of
the oil palm FFB. Hence, a system using automated grading for ripeness detection has
become an important matter to study and solve among researchers.

There are various numbers of oil palm ripeness detection technique were introduced
and tested. The most popular method is the colour vision system that comprises an
advanced camera to capture the oil palm FFB image and a set of a computer for
analysis and interpretation [50-53, 57]. Similar to the colour vision method, a system
using program recognition with artificial intelligence such as Red, Green and Blue
(RGB), Hue, Saturation and Intensity (HSI), etc. Nevertheless, this method is using
continuous light intensity observing during the image acquisition process and
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preferably to be conducted for indoor application because of its complex apparatus or
equipment. Moreover, the development of a more advanced technique is further studied
when the moisture content of the mesocarp flesh related to the oil content, surface
colour and weight of the oil palm fruit. A near infrared (NIR) spectroscopy is one of
the applications used to detect oil palm ripeness. Several NIR spectroscopy introduced
has used a different approach where geographic information system (GIS) and genetic
algorithm neural network (GANN) together with microstrip sensor to correlate the
moisture content [54-56]. However, this method has a complicated procedure for image
acquisition where it is also suitable for indoor application and the equipment involved
is costly. Other than that, a non-destructive method using laser-based is used for oil
palm grading where several approaches such as using LIiDAR sensor, NIR laser,
Raman spectroscopy, optical probe, etc are applied with specific wavelength to identify
the level of the ripeness [56, 58-61]. Similar to the imaging techniques and NIR
method where the equipment is expensive and suitable for indoor area. Furthermore, a
method to detect the ripeness of oil palm FFB using sterilisation process [62] with
different high temperature is proposed but the method suitable to be conducted in the
indoor area and required expensive mechanical instrument. Magnetic Resonance
Imaging (MRI) and Nuclear Magnetic Resonance (NMR) are some of the techniques
that are costly used and studied by researchers to observe the oil palm ripeness [63].
Apart from the expensive issue, the procedure needed to be operated with skilled
personnel and limited testing for the availability to be conducted indoors. Another non-
destructive technique is suggested by using a fluorescence sensor to measure the
anthocyanin and flavonoid in the oil palm content [64-65] where the light emitting
diode (LED) and photodiodes are involved for signal emission. However, the method is
similar to the RGB system where the experiment is suitable for indoor application to
identify the chemical content of the oil palm fruits. An air coil technique is one of the
methods used to measure the oil palm ripeness and it is developed from single until
triple type sensor [66-70].

A new study area in a non-destructive method to detect the oil palm FFB ripeness is
introduced by using a fruit battery sensor [71-72]. This method used zinc and copper as
the sensor and with computer vision to analyse the colour condition images. However,
the fruit battery sensor is not fabricated which might lead to instability of the data and a
proper recording measuring instrument is needed to show the significant difference
between various fruit types. Therefore, this research focuses on the development of a
fruit battery sensor with a charging method so that it can be convincedly used to
measure the oil palm ripeness in both indoor and outdoor application. The charging
concept is chosen because of the direct output translation to detect the grading. The
aluminium and copper electrode are proposed and fabricated in a portable structure so
they can also be used in outdoor condition. Besides, the materials chosen are taken
under consideration aspect that not easily affected by the environment. Hence, this
aluminium and copper fruit battery sensor with the charging method is stable to replace
the conventional grading method.



1.3 Obijectives

The objectives of the research are as follows:

1. To develop a fruit battery-based sensor for oil palm fruit maturity assessment

2. To analyse and improve the maturity detection of oil palm fruits of fresh fruit
bunches (FFB) by using a fruit battery-based sensor with a charging concept.

3. To study the relationship between generated load voltage and moisture content
with sensitivity performance of the sensor

4. To compare and evaluate the preferred design performance of the various fruit
battery sensor types with different parameters for the oil palm maturity detection.

1.4 Thesis Contributions

This thesis’s contributions include the development of the fruit battery sensor with a
charging concept to determine the ripeness of oil palm maturity grading for the
reception of the FFB at the mills. The sensor comprises two materials of aluminium
(Al) and copper (Cu), which then the sensor of fruit battery is designed and fabricated
to different sets of terminals. Previous experimental [71] was done by using the fruit
battery concept is implemented by using zinc (Zn) and copper (Cu) material as the
electrodes for the sensor. The maturity of the oil palm fruits tested is analysed based on
the average load resistance voltage with the fruit’s moisture content to determine the
sensor’s sensitivity. In this thesis, the charging concept is the main parameter applied to
the fruit battery experiment. The development of this research sensor aims to improve
and determine the sensitivity of the detection method when identifying the maturity
grading of the oil palm fruits. The data collected from the samples with their moisture
content determination are analysed to distinguish and compare the sensor’s
performance.

15 Scope of Work and Limitation

The electrochemical cell sensor of aluminium and copper is developed based on the
previous fruit battery sensor [79]. The designation of the sensor is executed by using
SolidWorks software before the fabrication of different sensor’s type. There are four
types of sensor’s fabrication terminal set: single, dual, triple and fourth. The parameters
implemented in this experiment are conveyed into three kinds, which are the load
resistance, R, charging voltage, V. and charging time, t.. The single set of sensor’s
terminals consist of aluminium (Al) and copper (Cu) electrodes. The other types are
dual, triple and fourth-set sensor emphasized the set of Al and Cu terminal. The
samples taken in this research are randomly picked with various kinds of grading such
as ripe, under-ripe and unripe from different FFB. Elaeis guineensis of Tenera is the
type of samples used to test for this experiment. The research is conducted mainly in
laboratory condition at room temperature at all times. The experiment’s time takes one
hour for each drying process that takes much time to complete in one day. Hence,
sensitivity evaluation is measured in this research study by analysing the performances



from the ratio between difference voltage AVayq and moisture content w from 50% to
80%.

1.6 Thesis Outline

Chapter One comprises the general overview of the research, which includes
background, past and current problems regarding the research, objectives, thesis
contributions, scope of work and limitation of the research. The thesis’s background
explained the oil palm in Malaysia and the current technology or method used to
identify the ripeness or maturity grading of the oil palm fruit. The problem statement is
elaborated regarding the current problems on oil palm harvesting and grading of the
FFB. Hence, the scope of work explains the electrochemical cell sensor design
implemented before and the limitation of the research.

Chapter Two presents the depth of knowledge of the research for further investigation.
The oil palm grading in Malaysia by referring to the MPOB manual is explained to
elaborate the ripeness of the FFB. The oil palm biological is also described in this part,
such as its fruit content, trees, and structure. The research related to the oil palm
ripeness technologies and equipment is elaborated and summarised. The guideline of
the oil palm harvesting manual is included to show the type of FFB ripeness according
to MPOB. Lastly, the electrodes metal and ion mechanism and the sensor’s sensitivity
are elaborated in this chapter.

Chapter Three includes the methodology of all the work and experiments done in this
research. The concept and method of applying fruit battery as an electrochemical cell
are explained with its design, schematic diagrams and structure. Then, the basic and
proposed fruit battery concept is explained further on the chemical reaction related to
the oil palm fruit content. Moreover, the charging method applied to the experiment is
included with a list of various parameters tested: resistance value, charging voltage and
charging time. The type of sensor used is included, which are single, dual, triple and
fourth-set terminal with the structure and measurement. Furthermore, the collection of
samples and data with moisture content determination experiment is further elaborated
in this chapter. Lastly, basic mathematical expression of integration and polynomial fit
are included.

Chapter Four explains the result of the data obtained from the oil palm sensor. The
chapter begins with the comparison between basic fruit battery and during involving
charging method in the experiment. The effect of the sensor’s sensitivity in 1002 and
510€ is examined with different charging voltage and charging time for a single-set
terminal sensor. The dual, triple and fourth-set terminal sensor then is tested with one
specific parameter from the previous experiment to evaluate the sensor sensitivity when
increasing numbers of electrodes are added. Finally, the coefficient of the variation
model is summarised to compare with the previous and fruit battery sensor’s
performance.



Chapter Five reviews the conclusions of the overall finding research. The
recommendations, ideas and suggestions are included for future research findings.



[1]

[2]

[3]

[4]

[5]

[6]

[7]

8]

[9]

[10]

[11]

[12]

[13]

REFERENCES

B. Nambiappan, A. Ismail, N. Hashim, N. Ismail, D. N. Shahari, N. A. N.
Idris, N. Omar, et al., “Malaysia: 100 years of resilient palm oil economic
performance,” J. Oil Palm Res., vol. 30, no. 1, pp. 13-25, 2018, doi:
10.21894/jopr.2018.0014.

S. C. Aba and K. P. Baiyeri, “The Oil Palm,” Handb. Pract. Agric., pp. 224—
229, 2012, doi: 10.1177/003072708501400408.

R. H. V. Corley, “How much palm oil do we need?,” Environ. Sci. Policy, vol.
12, no. 2, pp. 134-139, 2009, doi: 10.1016/j.envsci.2008.10.011.

F. Syakirah, R. Shamsudin, and R. Yunus, “The Effect of Storage Time of
Chopped Oil Palm Fruit Bunches on the Palm Oil Quality,” Ital. Oral Surg.,
vol. 2, pp. 165-172, 2014, doi: 10.1016/j.aaspro.2014.11.024.

“FGV Targets 22% Oil Extraction Rate by 2020,” TheStar, Mar. 17, 2017.
https://www.thestar.com.my/business/business-news/2017/03/17/fgv-targets-
22pc-oil-extraction-rate-by-2020/ (accessed Aug. 21, 2020).

MPOB, “Manual Penggredan Buah Kelapa Sawit MPOB Edisi Ketiga
(2015),” vol. 3, 2015.

N. R. Menon, “Quality Aspects of Milling,” Palm Qil Eng. Bull., no. 63, pp.
12-17, 2002.

M. Ishida and O. Abu Hassan, “Utilization of Oil Palm Frond as Cattle Feed,”
Japan Agric. Res. Q., vol. 31, no. 1, pp. 41-47, 1997.

W. Verheye, “Growth and Production of Oil Palm,” Soils, Plant Growth Crop
Prod., p. 32, 2010, doi: 10.1017/CB09781107415324.004.

I. E. Henson, “Ripening, Harvesting, and Transport of Oil Palm Bunches,”
Palm Oil Prod. Process. Charact. Uses, pp. 137-162, 2012, doi:
10.1016/B978-0-9818936-9-3.50008-3.

T. J. Tranbarger, S. Dussert, T. Joét, X. Argout, M. Summao, A. Champion, D.
Cros, et al., “Regulatory Mechanisms Underlying Oil Palm Fruit Mesocarp
Maturation, Ripening, and Functional Specialization in Lipid and Carotenoid
Metabolism,” Plant Physiol., vol. 156, no. 2, pp. 564-584, 2011, doi:
10.1104/pp.111.175141.

N. R. Menon, “Milling Laws,” Palm Oil Eng. Bull., vol. 97, pp. 47-79, 2010,
[Online]. Available:
http://palmoilis.mpob.gov.my/POEB/index.php/2020/03/29/milling-laws/.

S. Szabo and 1. Bakos, “Reference Electrodes in Metal Corrosion,” Int. J.
Corp., vol. 2010, 2010, doi: 10.1155/2010/756950.

113



[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

C. D. Fern and A. Vimalanandan, “Chapter 2 Fundamentals of
Electrochemistry , Corrosion and Corrosion Protection,” in Soft Matter at
Aqueous Interfaces, 2016, pp. 29-65.

E. Gongadze, S. Petersen, U. Beck, and U. Van Rienen, “Classical Models of
the Interface between an Electrode and an Electrolyte,” Proc. COMSOL Conf.
2009 Milan, 2009.

Z. Ahmad, “Chapter 3 - Corrosion Kinetics,” in Principles of Corrosion
Engineering and Corrosion Control, Butterworth-Heinemann, 2006, pp. 57—
119.

S. A. Shittu, S. A. Ajagbe, and R. F. Oloruntola, “Conversion of Fruit to
Battery,” Int. J. Sci. Eng. Res., vol. 9, no. 1, pp. 1747-1755, 2018, [Online].
Available: http://www.ijser.org.

N. Demirkran and A. Kiinkiil, “Recovering of copper with metallic
aluminum,” Trans. Nonferrous Met. Soc. China (English Ed., vol. 21, no. 12,
pp. 2778-2782, 2011, doi: 10.1016/S1003-6326(11)61123-0.

Y. Kaya, “Investigation of Copper-Aluminium Composite MAterials
Produced by Explosive Welding,” Metals (Basel)., vol. 8, no. 780, 2018, doi:
10.3390/met8100780.

S. Y. Chen, Z. W. Wy, K. . X. Liu, X. J. Li, N. Luo, and G. X. Lu, “Atomic
diffusion behavior in Cu-Al explosive welding process,” J. Appl. Sci., vol.
113, no. 044901, 2013, doi: 10.1063/1.4775788.

Byju, “Electrochemical Series.” https://byjus.com/jee/electrochemical-series/
(accessed Nov. 02, 2020).

H. S. Kalsi, “Qualities of Measurements,” in Electronic Instrumentation,
Third Edit., M. G. H. Education, Ed. 2010, pp. 1-24.

H. Eren, “Measurements, Instrumentation , and Sensors,” in Measurement,
Instrumentation, and Sensors Handbook, Second Edi., no. January 2014,
2014, pp. 1-14.

K. Kalantar-Zadeh, “Sensors Characteristics,” in Sensors : An Introductory
Course, New York : Springer Science & Business Media, 2013, pp. 11-29.

P. Butz, C. Hofmann, and B. Tauscher, “Recent Developments in Noninvasive
Techniques for Fresh Fruit and Vegetable Internal Quality Analysis,” J. Food
Sci., vol. 70, no. 9, 2005, doi: 10.1111/j.1365-2621.2005.tb08328.x.

S. Apte and P. Patavardhan, “Revent Developments In Nondestructive
Techniques for Internal Techniques for Internal Quality ANalysis of A Fruit,”
Elsevier, vol. ATEES, no. August, pp. 472-479, 2014.

114



[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

H. S. El-Mesery, H. Mao, and A. E. F. Abomohra, “Applications of non-
destructive technologies for agricultural and food products quality inspection,”
Sensors (Switzerland), vol. 19, no. 4, pp. 1-23, 2019, doi: 10.3390/519040846.

H. Wang, J. Peng, C. Xie, Y. Bao, and Y. He, “Fruit quality evaluation using
spectroscopy technology: A review,” Sensors (Switzerland), vol. 15, no. 5, pp.
11889-11927, 2015, doi: 10.3390/s150511889.

I. Urbano Bron, R. Vasconcelos Ribeiro, M. Azzolini, A. Pedro Jacomino, and
E. Caruso MacHado, “Chlorophyll fluorescence as a tool to evaluate the
ripening of ‘Golden’ papaya fruit,” Postharvest Biol. Technol., vol. 33, no. 2,
pp. 163-173, 2004, doi: 10.1016/j.postharvbio.2004.02.004.

N. R. Baker, “Chlorophyll Fluorescence: A Probe of Photosynthesis In Vivo,”
Annu. Rev. Plant Biol., wvol. 59, pp. 89-113, 2008, doi:
10.1146/annurev.arplant.59.032607.092759.

J. A. Abbott, “Quality measurement of fruits and vegetables,” Postharvest
Biol. Technol., vol. 15, no. 3, pp. 207-225, 1999, doi: 10.1016/S0925-
5214(98)00086-6.

L. Nedbal, S. J., J. Whitmarsh, and M. Trtilek, “Postharvest Imaging of
Chlorophyll Fluorescence from Lemons Can Be Used to Predict Fruit
Quality,” Photosynthetica, vol. 38, no. 4, pp. 571-579, 2000, doi: 10.1023/A.

K. A. Omwange, D. F. Al Riza, Y. Saito, T. Suzuki, Y. Ogawa, K. Shiraga, F.
Giametta, et al., “Potential of front face fluorescence spectroscopy and
fluorescence imaging in discriminating adulterated extra-virgin olive oil with
virgin olive oil,” Food Control, vol. 124, no. August 2020, p. 107906, 2021,
doi: 10.1016/j.foodcont.2021.107906.

W. Chayaprasert and R. Stroshine, “Rapid sensing of internal browning in
whole apples using a low-cost, low-field proton magnetic resonance sensor,”
Postharvest Biol. Technol., vol. 36, no. 3, pp. 291-301, 2005, doi:
10.1016/j.postharvbio.2005.02.006.

B. P. Hills, K. M. Wright, and D. G. Gillies, “A low-field, low-cost Halbach
magnet array for open-access NMR,” J. Magn. Reson., vol. 175, no. 2, pp.
336-339, 2005, doi: 10.1016/j.jmr.2005.04.015.

S. Bureau, “The Use of Non-destructive Methods to Analyse Fruit Quality,”
Fresh Prod., vol. 3, no. Special Issue 1, pp. 23-34, 2009.

G. L. Carr, M. C. Martin, W. R. McKinney, K. Jordan, G. R. Neil, and G. P.
Williams, “High-power terahertz radiation from relativistic electrons,” Nature,
vol. 420, pp. 153-156, 2002, doi: 10.1038/nature01175.

A. Ren, A. Zahid, M. A. Imran, A. Alomainy, D. Fan, and Q. H. Abbasi,
“Terahertz Sensing for Fruit Spoilage Monitoring,” 2019 2nd Int. Work. Mob.
Terahertz Syst. IWMTS 2019, no. July, 2019, doi:
10.1109/IWMTS.2019.8823735.

115



[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

H. Zhan, J. Xi, K. Zhao, R. Bao, and L. Xiao, “A spectral-mathematical
strategy for the identification of edible and swill-cooked dirty oils using
terahertz spectroscopy,” Food Control, vol. 67, pp. 114-118, 2016, doi:
10.1016/j.foodcont.2016.02.043.

“Food irradiation.,” Food and Drug Administration, USA, 2016.
https://www.fda.gov/food/buy-store-serve-safe-food/food-irradiation-what-
you-need-know (accessed Apr. 01, 2021).

R. P. Haff and N. Toyofuku, “X-ray detection of defects and contaminants in
the food industry,” Sens. Instrum. Food Qual. Saf., vol. 2, no. 4, pp. 262-273,
2008, doi: 10.1007/s11694-008-9059-8.

K. S. Lim and M. Barigou, “X-ray micro-computed tomography of cellular
food products,” Food Res Int, vol. 37, no. 10, pp. 1001-12, 2004.

S. O. Nelson, “Frequency and Temperature Dependent Permittivities of Fresh
Fruits and Vegetables from 0.01 to 1.8 GHz,” Trans. ASAE, vol. 46, no. 2, pp.
567-574, 2003.

M. O. Nyanjage, H. Wainwright, and C. F. H. Bishop, “Effects of hot water
treatments and storage temperatures on the ripening and the use of electrical
impedance as an index for assessing post-harvest changes in mango fruits,”
Ann Appl Biol, vol. 139, no. 1, pp. 21-9, 2001.

H. J. Hellebrand, H. Beuche, and M. Linke, “Determination of thermal
emissivity and surface temperature distribution of horticultural products,” 6th
Int. Symp. Fruit, Nut Veg. Prod. Eng. Postdam, Ger., no. Sep 11-4, 2001.

W. B. Herppich, B. Herold, M. Geyer, and F. Gomez, “Effects of temperature
and water relations on carrots and radish tuber texture,” J Appl Bot Food
Qual, vol. 78, no. 1, pp. 11-7, 2004.

S. E. Prussia and Y. C. Hung, “Improved Laser-puff Food Firmness Detector,”
Acta Hortic., vol. 562, no. Nov, pp. 151-155, 2001.

S. Benedetti, C. Pompel, and S. Mannino, “Comparison of an electronic nose
with the sensory evaluation of food products by triangle ‘test,””
Electroanalysis, vol. 16, no. 21, pp. 1801-5, 2004.

R. Lu and J. . Abbott, “A transient method for determining dynamic visco-
elastic properties of solid foods,” Trans ASAE, vol. 39, no. 4, pp. 1464-7,
1996.

M. K. Shabdin, A. R. Mohamed Shariff, M. N. Azlan Johari, N. K. Saat, and
Z. Abbas, “A study on the oil palm fresh fruit bunch (FFB) ripeness detection
by using Hue, Saturation and Intensity (HSI) approach,” IOP Conf. Ser. Earth
Environ. Sci., vol. 37, no. 1, 2016, doi: 10.1088/1755-1315/37/1/012039.

N. Jamil, A. Mohamed, and S. Abdullah, “Automated Grading of Palm Oil
Fresh Fruit Bunches (FFB) Using Neuro-fuzzy Technique,” SoCPaR 2009 -

116



[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

Soft Comput. Pattern Recognit.,, no. December, pp. 245-249, 2009, doi:
10.1109/SoCPaR.2009.57.

A. Septiarini, H. Hamdani, H. R. Hatta, and K. Anwar, “Automatic image
segmentation of oil palm fruits by applying the contour- based approach,” Sci.
Hortic.  (Amsterdam)., vol. 261, p. 108939, 2020, doi:
10.1016/j.scienta.2019.108939.

M. Makky, “A Portable Low-cost Non-destructive Ripeness Inspection for Qil
Palm FFB,” Agric. Agric. Sci. Procedia, vol. 9, no. March, pp. 230-240, 2016,
doi: 10.1016/j.aaspro.2016.02.139.

M. S. M. Kassim, W. I. W. Ismail, and L. H. Teik, “Oil Palm Fruit
Classifications by using Near Infrared Images,” Res. J. Appl. Sci. Eng.
Technol., vol. 7, no. 11, pp. 2200-2207, 2014, doi: 10.19026/rjaset.7.517.

D. D. Silalahi, C. E. Reafio, F. P. Lansigan, R. G. Panopio, and N. C.
Bantayan, “Using Genetic Algorithm Neural Network on Near Infrared
Spectral Data for Ripeness Grading of Oil Palm (Elaeis guineensis Jacq.)
Fresh Fruit,” Inf. Process. Agric., vol. 3, no. 4, pp. 252-261, 2016, doi:
10.1016/j.inpa.2016.10.001.

Z. M. Zulkifli, F. H. Hashim, T. Raj, and A. B. Huddin, “A Rapid and Non-
Destructive Technique in Determining The Ripeness of Qil Palm Fresh Fruit
Bunch (FFB),” J. Kejuruter.,, vol. 30, no. 1, pp. 93-101, 2018, doi:
10.17576/jkukm-2018-30(1)-12.

M. S. M. Alfatni, A. R. Mohamed Shariff, S. K. Bejo, O. M. Ben Saaed, and
A. Mustapha, “Real-Time Oil Palm FFB Ripeness Grading System Based on
ANN, KNN and SVM Classifiers,” IOP Conf. Ser. Earth Environ. Sci., vol.
169, no. 1, 2018, doi: 10.1088/1755-1315/169/1/012067.

S. A. M. Dan, F. H. Hashim, T. Raj, A. B. Huddin, and A. Hussain,
“Classification of Oil Palm Fresh Fruit Bunches (FFB) using Raman
Spectroscopy,” Int. J. Eng. Technol., vol. 7, no. 4.11, pp. 184-188, 2018, doi:
10.14419/ijet.v7i4.11.20798.

N. Sari, M. Shiddiq, R. H. Fitra, and N. Z. Yasmin, “Ripeness Classification
of Oil Palm Fresh Fruit Bunch Using an Optical Probe,” J. Aceh Phys. Soc.,
vol. 8, no. 3, pp. 72—77, 2019, doi: 10.24815/jacps.v8i3.14122.

M. Shiddiq, Fitmawati, R. Anjasmara, N. Sari, and Hefniati, “Ripeness
Detection Simulation of Oil Palm Fruit Bunches Using Laser-Based Imaging
System,” AIP Conf. Proc.,, vol. 1801, no. February, 2017, doi:
10.1063/1.4973101.

M. M. Ali, N. Hashim, and A. S. A. Hamid, “Combination of laser-light
backscattering imaging and computer vision for rapid determination of oil
palm fresh fruit bunches maturity,” Comput. Electron. Agric., vol. 169, p.
105235, 2020, doi: 10.1016/j.compag.2020.105235.

117



[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

M. J. Junaidah, A. R. Norizzah, O. Zaliha, and S. Mohamad, “Optimisation of
sterilisation process for oil palm fresh fruit bunch at different ripeness,” Int.
Food Res. J., vol. 22, no. 1, pp. 275-282, 2015.

S. M. Shaarani, A. Cardenas-Blanco, M. H. G. Amin, N. G. Soon, and L. D.
Hall, “Monitoring development and ripeness of oil palm fruit (Elaeis
guneensis) by MRI and bulk NMR,” Int. J. Agric. Biol., vol. 12, no. 1, pp.
101-105, 2010.

M. H. M. Hazir, A. R. M. Shariff, M. D. Amiruddin, A. R. Ramli, and M.
Igbal Saripan, “Oil palm bunch ripeness classification using fluorescence
technique,” J. Food Eng., vol. 113, no. 4, pp. 534-540, 2012, doi:
10.1016/j.jfoodeng.2012.07.008.

M. H. M. Hazir, A. R. M. Shariff, and M. D. Amiruddin, “Determination of
oil palm fresh fruit bunch ripeness-Based on flavonoids and anthocyanin
content,” Ind. Crops Prod., vol. 36, no. 1, pp. 466-475, 2012, doi:
10.1016/j.indcrop.2011.10.020.

N. H. Harun, N. Misron, R. M. Sidek, I. Aris, D. Ahmad, H. Wakiwaka, and
K. Tashiro, “Investigations on a Novel Inductive Concept Frequency
Technique for the Grading of Oil Palm Fresh Fruit Bunches,” Sensors
(Switzerland), vol. 13, no. 2, pp. 2254-2266, 2013, doi: 10.3390/s130202254.

N. Misron, N. H. Harun, Y. K. Lee, R. M. Sidek, I. Aris, H. Wakiwaka, and
K. Tashiro, “Improvement in Sensitivity of an Inductive Oil Palm Fruit
Sensor,” Sensors (Switzerland), vol. 14, no. 2, pp. 2431-2448, 2014, doi:
10.3390/5140202431.

N. H. Harun, N. Misron, R. M. Sidek, I. Aris, H. Wakiwaka, and K. Tashiro,
“Dual Resonant Frequencies Effects on an Induction-Based Oil Palm Fruit
Sensor,” Sensors (Switzerland), vol. 14, no. 11, pp. 21923-21940, 2014, doi:
10.3390/5141121923.

N. Misron, N. A. Aliteh, N. H. Harun, K. Tashiro, T. Sato, and H. Wakiwaka,
“Relative Estimation of Water Content for Flat-Type Inductive-Based Oil
Palm Fruit Maturity Sensor,” Sensors (Switzerland), vol. 17, no. 1, pp. 1-10,
2017, doi: 10.3390/s17010052.

N. A. Aliteh, N. Misron, 1. Aris, R. M. Sidek, K. Tashiro, and H. Wakiwaka,
“Triple Flat-Type Inductive-Based Oil Palm Fruit Maturity Sensor,” Sensors
(Switzerland), vol. 18, no. 8, 2018, doi: 10.3390/s18082496.

K. Minakata, K. Tashiro, H. Wakiwaka, K. Kobayashi, N. Misrom, N. A.
Aliteh, and H. Nagata, “Proposal of Fruit Battery Method for Estimating Oil
Palm Ripeness,” Proc. Int. Conf. Sens. Technol. ICST, vol. 2018-Decem, pp.
399-402, 2019, doi: 10.1109/ICSensT.2018.8603621.

N. A. Aliteh, K. Minakata, K. Tashiro, H. Wakiwaka, K. Kobayashi, H.
Nagata, and N. Misron, “Fruit Battery Method for Oil Palm Fruit Ripeness

118



[73]

[74]

[75]

[76]

Sensor and Comparison with Computer Vision Method,” Sensors
(Switzerland), vol. 20, no. 3, 2020, doi: 10.3390/s20030637.

Y. K. Singh, “Chapter 1: Perception of Research,” in Fundamental of
Research Methodology and Statistics, New Age International Publishers,
2006, pp. 1-19.

J. Sultana, K.-E.-J. Dola, S. Al Mahmud, and M. A. R. Mazumder,
“Construction and Evaluation of Electrical Properties of A Lemon Battery,” J.
Chem. Biol. Phys. Sci., vol. 8, no. 2, pp. 92-101, 2018, doi:
10.24214/jcbps.C.8.2.09201.

“Industrial Crop Section,” UPM, 2020.
https://tpu.upm.edu.my/division/crop_division/seksyen_tanaman_industri-
4374?71 =en (accessed Nov. 10, 2020).

K. S. Bhutta and F. Huq, “Benchmarking — Best Practices: An Integrated
Approach,” Benchmarking An Int. J., vol. 6, no. 3, pp. 254-268, 1999, doi:
10.1108/14635779910289261.

119



BIODATA OF STUDENT

Name given is Nisa Syakirah binti Kamal Azhar. Born at Ipoh, Perak on 19" May
1995. Started primary education at Sekolah Kebangsaan Klian Pauh in Taiping (2002 —
2004), Sekolah Kebangsaan Rapat Setia in Ipoh (2005) and Sekolah Kebangsaan
Wangsa Melawati in Kuala Lumpur (2006 — 2007). Furthermore, the author had been
to Sekolah Menengah Kebangsaan Aminuddin Baki in Kuala Lumpur for high school
studies from 2008 to 2012. Pursue foundation study in pure science at Kolej
Matrikulasi Pahang (KMPh) in year 2013 to 2014. She holds Bachelor of Engineering
(Electrical and Electronics) from Universiti Putra Malaysia (UPM) in 2018. Lastly,
pursuing Master of Science in Electrical Engineering in UPM from 2018 until 2021.

121



LIST OF PUBLICATIONS

Journal

Norhisam Misron, Nisa Syakirah Kamal Azhar, Mohd Nizar Hamidon, Ishak Aris,
Kunihisa Tashiro and Hirokazu Nagata, “Fruit Battery with Charging Concept
for Oil Palm Maturity Sensor”, Sensors in Agriculture 2019, Sensors
(Switzerland), vol. 20, issue 1 (Impact Factor : Q1)

Norhisam Misron, Nisa Syakirah Kamal Azhar, Mohd Nizar Hamidon, Ishak Aris,
Kunihisa Tashiro and Hirokazu Nagata, “Effect of Charging Parameter on
Fruit Battery-Based Oil Palm Maturity Sensor”, Micromachines, vol. 11, issue
806 (Impact Factor : Q2)

122



UNIVERSITI PUTRA MALAYSIA

STATUS CONFIRMATION FOR THESIS / PROJECT REPORT
AND COPYRIGHT

ACADEMIC SESSION : Second Semester 2020/2021

TITLE OF THESIS / PROJECT REPORT :
DEVELOPMENT OF FRUIT BATTERY SENSOR WITH CHARGING METHOD
FOR OIL PALM FRUIT RIPENESS DETECTION

NAME OF STUDENT : NISA SYAKIRAH BINTI KAMAL AZHAR

| acknowledge that the copyright and other intellectual property in the
thesis/project report belonged to Universiti Putra Malaysia and | agree to allow
this thesis/project report to be placed at the library under the following terms:

1. This thesis/project report is the property of Universiti Putra Malaysia.

2. The library of Universiti Putra Malaysia has the right to make copies for
educational purposes only.

3. The library of Universiti Putra Malaysia is allowed to make copies of this
thesis for academic exchange.

| declare that this thesis is classified as:
*Please tick (V)

CONFIDENTIAL (Contain confidential information under Official
Secret Act 1972).

RESTRICTED (Contains restricted information as specified
by the organization/institution where research
was done).

OPEN ACCESS | agree that my thesis/project report to be

Juu

published as hard copy or online open access.



This thesis is submitted for:

@ PATENT Embargo from until
(date)

(date)
Approved by:
(Signature of Student) (Signature of Chairman
New IC No/ Passport No.: of Supervisory Committee)
Name:
Date :
Date :

[Note : If the thesis is CONFIDENTIAL or RESTRICTED, please attach with
the letter from the organization/institution with period and reasons for
confidentially or restricted.]





