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Graphene quantum dots (GQDs) recently emerge as a superior and universal 
fluorophores because of their unique combination of a number of key merits, including 
small in size, excellent photostability, biocompatibility, and highly tunable 
photoluminescence properties. These glowing carbon nanocrystals provide 
unprecedented opportunities for bioimaging and optical sensing. In this research, the 
usage of optical fiber which is tapered multimode fiber (TMMF) is used for detection 
of lard. Prior to this, several methods that have been introduced include electronic nose 
(zNose), Fourier-transform infrared spectroscopy, high performance liquid 
chromatography/tandem mass spectroscopy (HPC-MS/MS) and polymerase chain 
reaction (PCR). However, all of these techniques require large detector and are time 
consuming. In this research, detection of lard was done using optical fiber 
characterization of GQDs and GQDs coated with gold nanoparticles (Au-GQDs), 
more reliable and environmentally friendly fluorescence fiber probe sensor. TMMF 
with 20nm diameter was chosen and then coated with GQDs or Au-GQDs using drop 
casting method. The main interest of the investigation was to identify the effect of 
combining TMMF with GQDs and Au-GQDs as the nanoparticles. The 
characterization of annealing effects at different temperature of the GQDs and Au-
GQDs shows that at 70oC and 100oC respectively gives the highest sensitivity. Three 
types of TMMF probe sensors were then used to detect lard with different 
concentrations, ranging from 20% to 100%. The fluorescence responses of the sensor 
were investigated for uncoated TMMF and TMMF coated with GQD and Au-GQDs.

The result from this study shows that TMMF coated with GQDs and annealed in 70oC
gives better and strong fluorescence emission peak at 652nm. However, the sensitivity 
of lard detection achieved is 0.034/a.u.%. By introducing Au NPs to GQD creating 
Au-GQDs TMMF probe sensor, the peak shifted to 680nm and give the highest
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sensitivity and linearity of detection which are 0.042/a.u.% and 85% respectively at 
100oC. The difference in the annealing temperature resulted in different carbon-carbon 
bond formation between the carbons of fats bound with the carbon from GQDs. Then, 
the mixture of carbon-carbon bond became excited and the energy was emitted as 
fluorescence. Throughout this research work, an in-depth understanding on GQDs and 
Au-GQDs as fluorescent sensing platform in detection of lard concentration via 
fluorescence fiber probe sensor was studied. As well as an investigation on the binding 
process between GQDs and Au-GQDs with the lard to perform fluorescence emission.
Ultimately, this research work achieved its goals to develop a method to detect lard 
concentration via fluorescence fiber probe sensor.
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Jun 2018 
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Bintik kuantum grafena (GQDs) baru-baru ini muncul sebagai flororora yang unggul 
dan universal kerana kombinasi unik mereka dari beberapa merit utama, termasuk saiz 
kecil, kepelbagaian kestabilan foto, keserasian bio, dan sifat pendarcahaya foto yang 
sangat mudah berubah. Kristal nano karbon yang menyerlah memberikan peluang 
yang belum pernah terjadi sebelumnya untuk pengimejan bio dan penderiaan optik. 
Dalam kajian ini, penggunaan gentian optik multimod yang ditiruskan (TMMF) 
digunakan untuk pengesanan lemak babi. Sebelum ini, beberapa kaedah yang telah 
diperkenalkan termasuk Hidung Elektronik (zNose), Spektroskopi Inframerah 
Transformasi Fourier Spectroscopy, Kromatografi cecair Prestasi Tinggi / 
Spekroskopi jisim Tandem (HPC-MS / MS) dan Reaksi Rantai Polimerase (PCR). 
Walau bagaimanapun, semua teknik ini memerlukan pengesan bersaiz besar dan 
memakan masa. Dalam penyelidikan ini, pengesanan lemak babi dilakukan dengan 
menggunakan pencirian gentian optik GQD dan GQD yang disalut dengan 
nanopartikel emas (Au-GQDs), sensor pendarfluor gentian penderiaan yang lebih 
dipercayai dan mesra alam. TMMF dengan diameter 20nm dipilih dan kemudian 
dilapisi dengan GQD atau Au-GQD menggunakan kaedah menitik. Kepentingan 
utama penyiasatan adalah untuk mengenal pasti kesan penggabungan TMMF dengan 
GQD dan Au-GQD sebagai partikel nano. Pencirian kesan penyepuhlindapan pada 
suhu yang berbeza dari GQDs dan Au-GQDs menunjukkan bahawa pada 70˚C dan 
100˚C masing-masing memberikan kepekaan tertinggi. Tiga jenis alat pengesan 
TMMF kemudiannya digunakan untuk mengesan lemak babi dengan kepekatan yang 
berbeza, antara 20% hingga 100%. Tindak balas pengesan pendarfluor telah disiasat 
untuk TMMF dan TMMF yang tidak bersalut bersalut dengan GQD dan Au-GQDs. 
Hasil daripada kajian ini menunjukkan bahawa TMMF bersalut dengan GQD dan anil 
di 70˚C memberikan puncak pelepasan pendarfluor tertinggi dan kuat pada 652nm. 
Walau bagaimanapun, kepekaan pengesanan lemak babi yang dicapai adalah 0.034 / 
a.u.%. Dengan memperkenalkan Au NPs kepada GQD yang mencipta alat pengesan 
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Au-GQD TMMF, puncaknya beralih kepada 680nm dan memberikan sensitiviti dan 
kelinearan tertinggi pengesanan masing-masing sebanyak 0.042 / a.u.% dan 85% pada 
100˚C. Perbezaan suhu penyepuhlindapan menghasilkan pembentukan ikatan karbon 
karbon yang berbeza di antara karbohidrat lemak yang terikat dengan karbon dari 
GQDs. Kemudian, campuran ikatan karbon-karbon menjadi teruja dan tenaga 
dipancarkan sebagai pendarfluor. Sepanjang kajian ini, pemahaman mendalam 
tentang GQDs dan Au-GQDs sebagai platform penderiaan pendarfluor dalam 
pengesanan kepekatan lemak melalui penderia pengesan gentian pendarfluor telah 
dikaji. Serta penyiasatan mengenai proses mengikat antara GQD dan Au-GQD dengan 
lemak babi untuk melakukan pelepasan pendarfluor. Akhirnya, kerja penyelidikan ini 
mencapai matlamatnya untuk membangunkan satu kaedah untuk mengesan kepekatan 
bakteria melalui pengesan pendarfluor gentian pendarfluor. 
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CHAPTER 1  

1 INTRODUCTION 

1.1 Overview 

Optical fiber based biosensors recently receive a lot of attention as diagnostic tools for 
different applications. Judging by their light weight, small size, low cost, and 
immunity to electromagnetic interference, optical fibers offer a perfect platform for 
the development of sensing probe. Optical fiber probes sensor is also a compact and 
convenient answer for many measurements of fluorescence [1], absorbance [2], and 
reflection [3] in a wide variety of biosensor sample. 

Optical fiber biosensors dependency on total internal reflection fluorescence (TIRF) 
have given an excessive potential in providing viable solutions to these challenges [4].
The basic principle of total internal reflection is applied in optical fiber transmissions 
of light, the evanescent wave penetrates fundamentally into the surrounding cladding 
of lower refractive index. Then, the light exponentially decays with distance. The 
evanescent wave can excite fluorescence mainly from the fluorescent labelled analyte 
complexes bound to the surface through bond identification interactions [5].

Graphene, a zero-bandgap semiconductor, has attracted huge attention because of 
its impressive properties in electronic, mechanical and thermal. Besides, graphene also 
has good chemical stability for many potential applications in scientific and 
technological fields [6]. However, due to the lack of bandgap in graphene, the 
possibility of observing luminescence seems highly improbable, which limits its 
application in electronic and opto-electronic [7]. Therefore, many studies have been 
conducted to create a bandgap in graphene to induce photoluminescence (PL) by 
controlling the size and surface chemistry of graphene [8–10].

In recent research, ultrafine graphene quantum dots (GQDs) as a part of the graphene 
group act as a fluorescent graphene material due to their strong quantum confinement 
and edge effects [11]. Analyte such as GQDs have recently emerge as superior and 
universal fluorophores because of their unique properties, including excellent 
photostability, small size, biocompatibility, and highly tunable photoluminescence 
property. In particular, GQDs are a zero dimensional (0D) material and nanometer-
sized GQDs provide large surface areas which enhanced the dispersibility in the 
development of strategies for the design of new imaging probes and biosensors.  

GQDs special structure and configuration inherit the characteristics of graphene oxide 
(GO), such as outstanding water solubility, low cytotoxicity, high surface area and 
good surface grafting property. With that, GQDs contain oxygen groups and 
functional groups on the surface. Consequently, the fluorescence mechanism of GQD 
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is similar to the fluorescence outcome of graphene oxide. The shapes of most GQD 
are either circular or elliptical, but in some research, it was stated that the shapes of 
GQDs are in the form of triangular, quadrate and hexagonal dots. Additional 
improvement towards GQDs is its strong capability to adsorb biomolecules with its 
carbon based atomic ring structure. According to literature reference present in bio 
molecules study, there is interaction between its hexagonal cells and the carbon-based 
ring structures due to its stacking. These advantages have led to many applications 
such as photovoltaic cells [12], light emitting diode [13], diode lasers [14], bioimaging 
[15], biosensing [16] and catalysts [17]. These properties led researches and scientists 
to develop sensors. Gold is preferred in this research due to its characteristic which is 
low oxidation and high sensitivity. Gold nanoparticles (Au NPs) have been widely 
employed for sensor development including optical fiber sensors especially surface 
plasmon resonance (SPR).  The Au NPs, also known as gold colloids, have attracted 
a growing attention due to their special properties in multi-disciplinary research fields 
[18–20]. The Au NPs in 1-100 nm size range have been considered by researchers to 
fabricate an effective sensing devices in biosensor as diagnostic tools. It has also been 
recognized that hybridizing Au NPs with graphene oxide sheets can enhance the 
detection [21].

Most of the Au NPs studies show improvement in selectivity and sensitivity toward 
biological and chemical sample, that cause changes in Raman signals, fluorescence or 
absorbance. Their sensing performance relies on the Au NPs changes in the size, 
morphology or the distance between nanoparticles. Furthermore, fluorescent Au NPs 
are initiated through photo reduction and chemical reduction of Au3+ in the existence 
of ligands that have strong binding of ions. Thus, the fluorescence of Au NPs is 
practically related to their charge, surface ligand, size and structure [22]. It is 
considered that the fluorescence of Au NPs is generated from the relation between 
metal center electron transition and ligand–metal/metal–metal charge transfer [23].
Therefore, fluorescent Au NPs show greater biocompatibility and quantum yields.

Lard is known as fat rendered from pig abdomen fat, which of consists high proportion 
of adipose tissues. Moreover, the usage of fats in food manufacturing is very common 
from the beginning of the 20th century as they are very economical and accessible. 
Currently, in food production, lard is still a primary element in the preparation of 
certain food products, especially instant products. For example, in the cuisine world, 
lard is a highly used ingredient for raw material in mass production of bakery products 
and also acts as frying oil. This kind of fat are considered as marketable product 
throughout the world. The fact that pigs are easily adaptable animals, where they can 
survive almost everywhere, makes it very popular.  

Foods adulteration has become a common issue in Malaysia nowadays. Especially in 
some food manufacturers, they prefer to mix vegetable oils with lard. It is because lard 
is much more a ordable than coconut oil, olive oil and other healthy fats, and it can 
be sustainably accessed in food industries. However, lard in food is a serious matter 
in the view of religion, biological problem and health. For Islam, Judaism and 
Hinduism followers, they are prohibited to consume food containing porcine 
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ingredients and its derivatives. Figure 1.1 shows the pie chart of world consumption 
for major fats and oil in 2015 from IHS Markit Ltd. company [24].

Figure 1.1 : Pie chart of world consumption for major fats and oil in 2015 

Related to this constraint, it is crucial to create reliable approaches to sense the 
existence of lard in food to protect consumers from intended or non-intended food 
deception. Consequently, a number of analytical techniques either physical or 
chemical-based have been studied to detect lard.  

Several methods that have been introduced to detect lard include electronic nose 
(zNose) [25], Fourier transform infrared spectroscopy, high performance liquid 
chromatography/tandem mass spectroscopy (HPC-MS/MS) and polymerase chain 
reaction (PCR) [26]. However, these methods are time consuming and have to be 
conducted in the laboratory. Thus, their disadvantages result in the formation of the 
problem statement and motivation to perform this research. Therefore, it is essential 
to develop a rapid and reliable method for determining lard concentration.

1.2 Problem Statement 

Recently, there have been some issues regarding the adulteration of products in 
Malaysia. It is common in Malaysia that fats and oils are used in both food 
manufacturing and industrial uses. They are consumed in food, as well as, personal 
care products, greases, paints, lubricants, and biodiesel.  Lard is widely used in food 
production industry to greatly reduce the product cost due to its vast availability and 
cost effectiveness. Therefore, it is important to develop an effective method to detect 
the presence of lard in food manufacturing for Halal purpose.  
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However, most of the sensors used to detect lard concentration are electrical based. 
They have several weaknesses, for example, large in size and the sample has to be sent 
to a lab. Therefore, it is necessary to have a low-cost, portable and non-destructive 
sensors that provide information of Halal authentication for consumers and authorities 
on Halal standard certification.  

1.3 Objectives 

The purpose of this project is to study new quantum dots coated on TMMF to detect 
the concentration of lard. Investigation and analysis on the differences between types 
of coating material and condition of coating process are also achievable. To ensure 
this project run efficiently, a few objectives have been formed, which are:

 To introduce graphene quantum dots as a fluorescence marker for lard 
detection sensor for Halal application.  

 To study the differences on fluorescence changes of quantum dots in different 
concentration of lard. 

 To improvise and enhance the detection of lard by introducing graphene 
quantum dots coated with gold nanoparticles. 

1.4 Research Scope of Study 

The scope of study in this research is summarized in Figure 1.2. Mainly, this research 
look into designing and fabricating a sensitive lard sensor based on TMMF coated 
with various quantum dots. The TMMF itsef were not varied. This is due to previous 
research by [27] that provide high sensitivity.  In this work, quantum dots from 
graphene such as GQDs and Au-GQDs were chosen. Commonly, an analysis of lard 
detection on electrical methods, for this work an optica method was chosen. The 
optical changes due to the reaction between quantum dots and fats were detected by 
using the TMMF. This research was focus on fluorescence detection. GQDs and Au-
GQDs were chosen as sensing element. 
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Figure 1.2 : Flow chart scope of study 

1.5 Limitation 

The aim of this research is to design and fabricate tapered optical sensors for lard 
concentration detection. Therefore, there is limitation that should be considered which 
is other types of fat are not discussed in this research. In order to focus on the detection 
of different concentration of lard and the different sensing element used. The visibility 
of this work was focus on quantum dots coated on TMMF to detect the concentration 
of lard. 

1.6 Summary 

This thesis consists of five different chapters. The thesis presentation is outlined as 
follows:

I. Chapter 1: This chapter introduces the project, outlines the research objectives, 
problem statement and summary of the contributions to the body of 
knowledge. 

II. Chapter 2: In this chapter the discussion on the background of the project and 
other related works will be studied and reviewed. The justification behind the 
research and literature reviews supporting the application of optical sensors 
using quantum dots.   
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III. Chapter 3: In this chapter the design of tapered multimode fiber will be 
discussed. The chemical synthesis and deposition of the quantum dots as the 
optical sensing element are discussed in detail. The project methods and 
equipment that will be used in this project are explained. 

IV. Chapter 4: This chapter will highlight and discuss the experimental results 
obtained from the tapered multimode fiber sensors performance towards lard 
via UV-Vis spectroscopy. The characterization of the quantum dots employed 
as the optical sensing layer on TMMF was also performed and reviewed. 
Chapter 5: The project will be concluded and the contributions in the area of 
fiber probe sensors are discussed. Recommendations for future works in this 
optical fiber probe sensor are also presented. 
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