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Palm oil is one of the most produced and traded vegetable oil in the world
recently. The quality of palm oil is very important to be examined and one of
the quality indices is free fatty acids (FFA) content. Palmitic acid is the major
component of monosaturated acids in palm oil and hence is chosen in
determination of FFA content. Acid-base titration method was traditionally
used to determine acid content, but the presence of high amounts of carotene
causes difficulties to determine the end point of the titration, causing
inaccurate and inconsistent result. Development of alternative methods is
needed to replace traditional method in order to remain competitive in world
of industry. Thus, in this study, an electrochemical technique for the
determination of FFA as alternative to conventional method (titration method)
has been explored. The electrochemical method was developed based on
electrochemically reduced graphene oxide (rGO) and reduced graphene
oxide/gold nanoparticles (rGO/AuNPs) composite deposited onto screen-
printed carbon electrode (SPCE) via drop-casting technique. The modified
electrode was characterized by physico-chemical and electrochemical
methods, respectively. Raman spectroscopy, Field Emission Scanning
Electron Microscope (FESEM), Energy Dispersive X-Ray Spectroscopy
(EDX) and Fourier Transform Infrared Spectroscopy (FTIR) all confirmed the
successful formation of rGO and rGO/AuNPs. Redox signal of the modified
electrode followed the order of rGO/AuNPs > rGO > AuNPs > bare > GO.
The voltammetric behaviour of 2-methyl-1,4-naphthaquinone (VKs) in the
presence of palmitic acid at the modified electrode was investigated in an
acetonitrile/water mixture containing lithium perchlorate (LiClIO4). The
determination of palmitic acid was based on the voltammetric reduction of
VKs to form corresponding hydroquinone which is proportional to the
concentration of palmitic acid. Under optimum condition, the developed
method showed a good linear relationship in the concentration ranging from



0.192 mM to 0.833 mM with the detection limit of 0.065 mM for rGO-modified
SPCE and 0.040 mM for rGO/AuNPs-modified SPCE. For the validation
study using t-test, the calculated t-values for both sensors were found to be
less than the tabulated value which is 3.18, hence the difference between the
two methods used is insignificant at the 95 % confident level and null
hypothesis is accepted.
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Minyak kelapa sawit adalah salah satu minyak sayuran yang paling banyak
dihasilkan dan diperdagangkan di dunia baru-baru ini. Kualiti minyak kelapa
sawit amat penting untuk diperiksa dan salah satu indeks kualitinya adalah
kandungan asid lemak bebas (FFA). Asid palmitik ialah komponen utama
asid monotepu dalam minyak sawit, oleh itu dipilih dalam penentuan
kandungan FFA. Kaedah pentitratan asid-bes telah digunakan secara
tradisional dalam penentuan kandungan asid, namun kehadiran karotena
yang tinggi menyebabkan kesukaran dalam menentukan titik akhir
pentitratan, mengakibatkan keputusan yang tidak tepat dan tidak konsisten.
Pembangunan kaedah alternatif adalah diperlukan untuk menggantikan
kaedah tradisional bagi kekal kompetitif di dunia industri. Oleh itu, dalam
kajian ini, teknik elektrokimia untuk menentukan kandungan FFA sebagai
alternatif kepada kaedah konventional telah diterokai. Kaedah elektrokimia
telah dibina berasaskan grafin oksida terturun secara electrokimia (rGO) dan
komposit grafin oksida terturun/zarah nano emas (rGO/AuNPs) yang
dilekatkan di atas elektrod karbon bercetak skrin (SPCE) melalui teknik
sapuan titis. Elektrod yang telah diubahsuai telah dicirikan secara fiziko-kimia
dan kaedah elektrokimia, masing-masing. Spektroskopi Raman, mikroskopi
elektron pengimbas pancaran medan (FESEM), spektroskopi tenaga
serakan sinar-X (EDX) dan spektroskopi inframerah transformasi fourier
(FTIR) mengesahkan kejayaan dalam pembentukan rGO dan rGO/AuNPs.
Isyarat redoks daripada elektrod yang diubahsuai mengikuti susunan
rGO/AuNPs > rGO > AuNPs > elektrod pengosong > GO. Ciri voltammetrik
2-metil-1,4-naftakuinon (VKs) dengan kehadiran asid palmitik pada elektrod
yang diubahsuai telah dikaji di dalam campuran asetonitril/air mengandungi
litium perklorat (LiClO4). Penentuan asid palmitik adalah berdasarkan
penurunan voltammetrik VKs untuk membentuk hidrokuinon sepadan yang
berkadar dengan kepekatan asid palmitik. Pada keadaan optimum, kaedah



yang dibangunkan menunjukkan kelinearan baik pada julat kepekatan dari
0.192 mM sehingga 0.833 mM dengan had pengesanan 0.065 mM bagi
SPCE yang diubahsuai dengan rGO dan 0.040 mM bagi SPCE yang
diubahsuai dengan rGO/AuNPs. Bagi kajian pengesahan dengan
menggunakan ujian t, nilai-t yang dikira bagi kedua-dua sensor adalah
kurang dari nilai jadual iaitu 3.18, oleh itu perbezaan di antara dua kaedah
adalah tidak signifikan pada tahap keyakinan 95% dan hipotesis nul diterima.
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CHAPTER 1

INTRODUCTION

1.1 Palm Oil

The palm oil (Elaeis guineensis) is originally found from Western Equatorial
Africa and leads to remarkable expansion of plantation throughout Southeast
Asia. In the present-day world, one of the major oils and fats produced and
commerce is palm oil which accounts for 30% of the world total in 2018
(Retrieved from https://ihsmarkit.com/products/fats-and-oils-industry-
chemical-economics-handbook.html). Malaysia is the world’s second-largest
palm oil producer in 2018, contributing 19.52 million tonnes of crude palm oil
(CPO) production (Din, 2019). In the past five decades, the increase of oil
palm plantation side give rise to the production of crude palm oil due to
Malaysia’s climate, being hot and humid throughout the year and new
innovation arising from R&D. Palm oil attracts much attention in industry
because it is one of the cheapest oil in the market compared to other edible
oils in the world such as soybean, rapeseed and sunflower oils, hence reduce
the production cost (Azeman et al., 2015). Besides, palm oil use has grown
significantly because of its edible properties and supply availability.

Palm oil has a balanced fatty acid composition in which the level of saturated
fatty acids is almost equal to that of the unsaturated fatty acids. Palmitic acid
(44%-45%) and monounsaturated oleic acid (39%-40%) are the major
component acids, with polyunsaturated linoleic acid (10%-11%) and only a
trace amount of linolenic acid. The others are largely stearic acid (5%) and
myristic acid (1%). The minor constituents can be separated into two groups,
namely fatty acid derivatives (partial glycerides (mono- and diacyl glycerols),
phosphatides, esters and sterols) and non-glyceride constituents (sterols,
triterpene alcohols, tocopherols, phospholipids, chlorophylls and carotenoids)
(Ali and Abdurrhman, 2013). The palm oil can be extracted from two different
parts of palm fruit which are either from the flesh of the fruit also known as
mesocarp or from seed or kernel of the fruit. The mesocarp of the ripe palm
fruits can give more amount of oil compared to the unripe one (Azeman et al.,
2015).

The quality of palm oil is determined by many factors such as moisture,
impurities, totox, odoriferous matter and iodine values but the most frequently
determined quality indices is free fatty acids content during edible oils
production, storage and marketing (Saad et al., 2007). The level of
deterioration of oil has the direct influence towards the price of the palm oil
in industry and it can be measured by free fatty acids content (Azeman et al.,
2015). Fats and oils are esters of triglyceride and fatty acids. Hydrolysis can
break down a fat or oil and subsequently release the glycerol and fatty acids,
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respectively by breaking the ester linkage. An enzyme called lipase catalyses
the hydrolysis of the fats and oils. When the hydrolysis occurs the fatty acids
will be released and thus lead to the undesirable saponification, low product
yields, unpleasant smell and taste and difficulty in the subsequent separation
processing steps (Azeman et al., 2015). Moreover, the physical damage of
the palm fruits and prolonged storage of palm fruits may also lead to a
significant increase in free fatty acids (FFA) content, thus affect the quality of
palm oil. Standard determination for the FFA content (as palmitic acid) has
been set by Malaysia Palm Oil Board (MPOB) which its composition in crude
palm oil (CPO) and refined bleached deodorized oil (RBDO) should be less
than 5 % and 0.1 %, respectively (Azeman et al., 2015).

1.2 Problem Statement

Food quality and safety are attracting more and more attention for producers,
researchers, and consumers. Cooking oil is an essential food in daily life for
home cooking and the food industry because of its unique biological and
nutritional properties. The quality of such oils needs to be monitored as it will
deteriorate slowly during storage and transportation process. In particular,
one of the main quality parameters to reflect the quality of oil, degree of
refining, as well as the quality change during storage is the FFA percentage
which measures the extent of hydrolysis of triglycerides in edible oils (Rao et
al., 2009). The lower the percentage of FFA in oil, the better the quality, fresh
degree and degree of refining. High acidity degree of edible oil may lead to
human gastrointestinal discomfort, diarrhoea and liver damage (Zhang et al.,
2015).

The traditional way of determining free fatty acids in palm oil is through the
acid-base titration method by titrating the sample against potassium
hydroxide in hot 2-propanol solution, and phenolphthalein is used as an
indicator (MPOB Test Methods, 2005). Theoretically, the acids present in the
solution are neutralized during the titration and the volume of alkali used is
proportional to free fatty acids content. Although this method is easy and
straightforward, it is encountered with some problems such as time-
consuming, labour-intensive and lack of accuracy (Jiang et al. 2016; Rao et
al., 2009). In addition, during the neutralisation process, some samples
contain coloured substances (mainly carotenoids which also known as pro-
vitamin A) which causes difficulty to detect a subtle colour change of the
indicator in the transition range, thus leads to the inaccurate result. Moreover,
titration method is not sufficiently sensitive to detect a small acid
concentration and a large amount of reagents and solvents are also
consumed during the operation, thus resulting in increased costs and
potential health and environmental hazards (Zhang et al., 2015).

Besides, many advanced methods are also utilised to measure the fatty acid
content such as spectrophotometry, gas chromatography (GC) and high-



performance liquid chromatography (HPLC). However, they involve tedious
procedures as the extraction of palm oil prior to analysis, require skilled
technicians to operate, time-consuming and involve high cost instrumentation
(Fartas et al., 2017).

In order to stay in the competitive world of industry, alternative methods are
clearly necessary to find out the needs to keep fulfilling the demands. The
development of simple and accurate techniques to replace the old and
traditional techniques for the detection of FFA amounts is a must. Therefore,
electrochemical technique has attracted more and more attention nowadays
by virtue of simple operation, rapid, sensitive, user-friendly and less
expensive method for the detection of FFA. In electrochemical sensor
development, much effort has been focused on developing nanomaterials
with good electronic properties, stable, easily accessible by the analyte, and
has a large surface area. Large surface area of the materials used plays the
role in increasing the binding sites available for the detection of specific
chemical analyte (Ma et al., 2013; Ahammad et al., 2009).



1.3 Objectives

The main objective of this research is to develop a simple and sensitive
electrochemical sensor for an effective detection of palmitic acid in palm oil.
Hence, two specific objectives have been identified to achieve the goal,
including:

1. To prepare and characterize screen-printed carbon electrode (SPCE)
modified with reduced graphene oxide (rGO) and nanocomposite
reduced graphene oxide/gold nanoparticles (rGO/AuNPS).

2. To evaluate the analytical performance of the rGO and rGO/AuNPs-
modified SPCE for the determination of palmitic acid content in palm
oil using cyclic voltammetry (CV) and linear sweep voltammetry
(LSV).

3. To validate the developed method with the standard method for the
determination of palmitic acid content.
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