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Chairman: Samsuzana Abd Aziz, PhD
Faculty: Engineering

Moisture and oil content are important elements in oil palm fruits quality
monitoring during ripening process. Conventionally, moisture and oil content
were determined by oven dried and Soxhlet extraction methods, respectively.
However, both of these methods are commonly time consuming, laborious and
tedious. In this study, impedance spectroscopy technique was introduced to
measure moisture and oil content of oil palm fruits. A total of 90 fruits sample
from 12 weeks after anthesis (WAA), 16 WAA and 20 WAA at different maturity
stages were tested. Fruits sample was divided into two sets which were 60
fruits for testing and another 30 fruits for validation. A pair of an
electrocardiogram (ECG) electrodes were attached to the Kelvin clip leads
(16089E, Agilent Technologies, Japan) which was connected to a LCR meter
(4263B, Agilent Technologies, Japan) at four discrete frequencies of 1 kHz, 10
kHz, 20 kHz and 100 kHz to measure impedance value of each oil palm fruits.
Statistical analysis showed that impedance value change with different maturity
stages and it was observed that high maturity stage (20 WAA) showed the
highest impedance value due to the less moisture and high oil content inside
the fruits. A good correlation was found at frequency of 100 kHz which has the
highest regression coefficient (R?) and lowest root mean square error (RMSE)
for moisture and oil content prediction. For moisture content prediction, a linear
regression equation of y100 = -17.85x + 79.08 was develop with R? of 0.77 and
RMSE of 5.85% while for oil content prediction, another linear regression
equation of y100 = 16.07x + 23.65 was develop with R2 of 0.72 and RMSE of
5.71%. These results indicated that non-destructive measurement of
impedance has good potential to determine moisture and oil content of oil palm
fruits.
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Kelembapan dan kandungan minyak merupakan element yang penting dalam
memantau kualiti buah kelapa sawit semasa proses buah masak.
Kebiasaannya, kelembapan dan kandungan minyak ditentukan melalui kaedah
pengeringan oven dan pengekstrakan Soxhlet, masing-masing.
Walaubagaimanapun, kedua-dua kaedah ini kebiasaanya mengambil masa,
susah dan membosankan. Dalam kajian ini , teknik spektroskopi impedans
telah diperkenalkan untuk mengukur kelembapan dan kandungan minyak buah
kelapa sawit. Sebanyak 90 sampel buah dari 12 minggu selepas berbunga
(WAA '), 16 WAA dan 20 WAA pada peringkat kematangan yang berbeza telah
diuji. Sampel buah telah dibahagikan kepada dua set iaitu 60 buah untuk ujian
dan 30 buah untuk pengesahan. Sepasang elektrokardiogram (ECG) elektrod
yang diletakkan kepada klip Kelvin (16089E, Agilent Technologies, Jepun) yang
telah disambungkan kepada meter LCR (4263B, Agilent Technologies, Jepun)
di empat frekuensi diskret 1 kHz, 10 kHz, 20 kHz dan 100 kHz untuk mengukur
nilai impedans setiap buah kelapa sawit. Analisis statistik menunjukkan bahawa
perubahan nilai impedans dengan peringkat kematangan yang berbeza dan ia
telah diperhatikan bahawa pada peringkat kematangan yang tinggi (20 WAA)
menunjukkan nilai impedans tertinggi kerana kelembapan kurang dan
kandungan minyak yang tinggi di dalam buah. Persamaan terbaik ditemui pada
frekuensi 100 kHz yang mempunyai pekali regresi tertinggi (R?) dan akar min
ralat kuasa (RMSE) untuk pengukuran kelembapan dan kandungan minyak.
Untuk mengukur kelembapan, persamaan regresi linear Y100 = -17.85x + 79.08
telah dibangunkan dengan R2? sebanyak 0.77 dan RMSE sebanyak 5.85%
manakala untuk mengukur kandungan kandungan minyak, satu lagi persamaan
regresi linear Y100 = 16.07x + 23.65 telah dibangunkan dengan R? sebanyak
0.72 dan RMSE sebanyak 5.71%. Keputusan ini menunjukkan bahawa ukuran
impedans tanpa merosakkan buah kelapa sawit mempunyai potensi yang baik
untuk menentukan kelembapan dan kandungan minyak buah kelapa sawit.
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CHAPTER 1

INTRODUCTION

1.1 Background of Study

The oil palm also known as Elaeis guineensis is a major plantation crop in
Malaysia since 1960, with 54,000 hectares of planted on that year. Since then,
the planted area has increased rapidly in every 5-year period beginning from
1965 until 1980 spurred by the government policy on crop diversification
programme (MPOB, 2002). By 2014, the oil palm planted area has increased to
5.39 million hectares; more than two-third of Malaysia’s agricultural land
(MPOB, 2015). The increment is attributed to an increase in the demand of
vegetable oil, both in the local and international markets.

Crude palm oil (CPO) and palm kernel oil (PKO) are produced from oil palm
fresh fruit bunches (FFB) by extracting the oil from the mesocarp and kernel
respectively. CPO is a primary product of oil palm FFB as it contains high
nutritional value and being commercialized as edible vegetable oil for frying
while PKO is a secondary product from palm oil kernel mainly used for soap
manufacturing and other downstream products.

The optimum oil extraction rate (OER) and oil quality are of major concerns of
the oil processing industry for a maximum profit. On the average, 3.51 tonnes of
CPO is produced per hectare (t/ha) per year corresponding to an OER of 20.25
% as recorded by MPOB in 2013. In 2014, the oil yield of CPO has increased to
3.56 t/ha per year with an OER of 20.60 %; attributed to better technology used
by the industry. As one of the main CPO exporters, Malaysian palm oil industry
targets to increase the OER from the palm oil fruits to 23 % by 2020 to boost oil
production. This is to be achieved through certification of mills and adherence to
grading of fruits as part of ensuring only high quality and ripe FFB with optimum
oil content are accepted and processed at all mills. Ripe FFB produces the
highest oil content with high quality compared to under-ripe and over-ripe FFB
grades. FFB grading and oil content prediction are usually closely related and
therefore a very important protocol to be established during the palm oil
processing.

The current grading of FFB practice by the local mills is through the use of
human vision based on colour of oil palm fruits or by counting detached fruits
from FFB (MPOB, 2003). The manual grading process is laborious and tedious
or prone to error due to human subjectivity. The oil content measurement in
FFB, on the other hand, is carried out by the mill through the conventional
laboratory analysis using Soxhlet extraction technique. However, this procedure
is laborious, time consuming and require skilled operators. The method is also
not environmental friendly as it uses the highly volatile n-hexane as a solvent
material. Furthermore, the n-hexane was listed as US toxic release inventory
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(TRI) since 1994 under National Safety Council, USA, 2007 (Junaidah et al.,
2011).

Recent advancement in technology leads to the wide use of sensing technique
for FFB grading and oil measurement in oil palm mill. The more popular
methods are image processing and various spectroscopy techniques such as
Near-Infrared Spectroscopy (NIR), Fourier Transform Infrared Spectroscopy
(FTIR) and Nuclear Magnetic Resonance Spectroscopy (NMR). Image
processing, NIR and FTIR sensing systems have their own limitations as the
performance is affected by the conditions of the surrounding environment such
as inconsistent of light source, humidity, temperature and the conditions of oil
palm FFB (Razali et al., 2008; Ishak and Razali, 2010). Junaidah et al. (2011)
developed an alternative method to measure oil content using NMR technique
instead of the laborious Soxhlet extraction method. This technique avoids the
use of n-hexane which is harmful to the operator and the environment. In
addition, 18 % of the work process was reduced under NMR technique and oil
content measurement was found to be comparable with Soxhlet extraction
method. Although NMR method had reduced the processing work, it is
expensive and require skilled operator.

In this study, dielectric spectroscopy technique also known as impedance
spectroscopy was introduced to measure oil content in oil palm fruits. Many
researchers used this technique to monitor various agricultural product and food
materials such as fruits, vegetables, edible oils and others (Nelson, 2004;
Nelson and Trabelsi, 2008; Lizhi, et al., 2008). In oil palm fruits, Abbas et al.
(2005) indirectly determine the moisture content of the fruits by using micro-strip
probe while You et al. (2010) used a fabricated open-ended coaxial probe to
measure dielectric properties of oil palm fruits. However both procedures were
destructive where fruits sample were needed to be sliced during the
measurements. With the lack of non-destructive method for moisture and oil
content measurement in oil palm fruits, further study is therefore needed on a
non-destructive method to improve the measurement.

1.2 Research Objectives

The general objective of this study was to investigate the potential of using
impedance spectroscopy technique for moisture and oil content measurement
in oil palm fruits. In order to accomplish this goal, the following objectives were
set:

i. to investigate the variation of impedance measurements at four
discrete frequency levels (1 kHz, 10 kHz, 20 kHz and 100 kHz) at
different WAA, moisture and oil content of oil palm fruits,

ii. to study the correlation between impedance measurements with
moisture and oil content in oil palm fruits, and

iii. to develop a prediction equation of moisture and oil content in oil
palm fruits using impedance measurements.



1.3 Scope and Limitations

This research was carried out at a specific conditions and criteria. The following
are the research scope:

One type of oil palm variety, namely the tenera variety was tested in
this research.

All the fruits sample used in this study were randomly selected from oil
palm bunches from oil palm plantation in Universiti Putra Malaysia
(UPM) at different maturity stages.

Only unbruised fruits with a diameter size in range between 20.5 mm to
21.5 mm were chosen during the experiment to reduce error during
measurement.

Data collection was carried out using a LCR meter (Inductance, L;
Capacitance, C; and Resistance, R) at four discrete frequency levels (1
kHz, 10 kHz, 20 kHz and 100 kHz) in a room temperature. The highest
frequency available for this LCR meter is at 100 kHz.
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