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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfillment 
of the requirement for the Degree of Doctor of Philosophy 

FABRICATION OF ELECTROCHEMICAL SENSOR BASED ON MULTI-
WALLED CARBON NANOTUBES/GOLD NANOPARTICLES FOR 

VOLTAMMETRIC DETECTION OF AMOXICILLIN AND 
THIAMPHENICOL RESIDUES IN BOVINE MILK 

By 

ALIYU MUHAMMAD 

October 2016 

Chairman : Professor Nor Azah Yusof, PhD 
Faculty : Science     

Antibiotic residues in milk are of great concern to health regulatory agencies, milk 
consumers and dairy farmers due largely to their effects ranging from allergic 
reactions, antibiotic resistance and ability to interfere with the technological properties 
of milk used for manufacturing fermented products. The conventional methods used 
in detecting these residues suffered some limitations of being expensive, time 
consuming and lack the capacity for point of care analysis. 

A bulk scale synthesis of nanocomposites containing gold nanoparticles (AuNPs) and 
multi-walled carbon nanotubes (MWCNTs) using ethylenediamine (en) as a cross 
linker between MWCNTs and AuNPs is presented here. The amine groups in en were 
used as growth point for the AuNPs synthesis through electrostatic attraction between 
the amine group (NH4

+) and AuCl4
- while sodium citrate acts as a reducing agent. The 

results showed that the size and distribution of AuNPs on the surface of the MWCNTs 
is greatly affected by the amount of HAuCl4.  Morphology of the synthesized 
nanocomposites was characterized by Field Emission Scanning Electron Microscopy 
and Transmission Electron Microscopy while the elemental composition and 
crystallography of the composites were investigated by Energy Dispersive X-ray, X-
ray Diffraction, Ultraviolet Visible, Thermal Gravimetric Analysis and Raman 
spectroscopic techniques. The nanocomposite was used to modify a screen printed 
electrode.  Electrochemical characterization of the electrode revealed that the 
nanocomposites have increased its electro-active surface area and conductivity. The 
fabricated sensor was applied for the voltammetric detection of amoxicillin in Bovine 
milk samples by adsorptive stripping voltammetry (AdSV). The result shows that the 
synthesized nanocomposites had induced a remarkable synergetic effect towards 
electro-oxidation of amoxicillin. Under optimized experimental conditions, (0.1 M 
phosphate buffer of pH 7.0, accumulation potential -0.4 V, accumulation time 180 s.)  
AdsV measurements of amoxicillin showed a wide linear dynamic range within the 
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concentration range of 0.2-30 µM. Two linear calibration ranges from 0.2-10 µM and 
10-30 µM were observed with equations of Ipa (µA) = 2.88 C (µM) + 1.2017; r = 
0.9939 and Ipa (µA) = 0.88 C (µM) + 22.97; r = 0.9973 respectively. The limit of 
detection (LOD) and limit of quantification (LOQ) were calculated as 0.015 µM and 
0.149 µM, respectively. Differential pulse voltammetric technique (DPV) was 
employed for thiamphenicol detection. The result shows that the synthesized 
nanocomposites also induced a remarkable synergetic effect for the oxidation of 
thiamphenicol. Under optimized experimental conditions, (0.1 M citrate buffer of pH 
6.0, accumulation potential -0.7 V, accumulation time 150 s).  DPV measurements of 
thiamphenicol shows a wide linear dynamic range within the concentration range of 
0.1-30 µM. Two linear ranges were recorded from 0.1- 10 µM and 10-30 µM with 
equations of Ipa (µA) = 0.9888 C (µM) + 1.2563; r = 0.9939 and Ipa (µA) = 0.216 C 
(µM) + 7.36; r= 0.9973  with  LOD and LOQ of 0.003 µM and 0.01.0 µM respectively. 
The fabricated sensor was applied for determination of amoxicillin and thiamphenicol 
in Bovine milk with satisfactory recovery results which compared favorably with 
HPLC standard method. This suggests its applicability as an alternative means of 
detecting amoxicillin and thiamphenicol in Bovine milk samples for environmental 
monitoring and quality control processes. 
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 
memenuhi keperluan untuk Ijazah Doktor Falsafah. 

FABRIKASI PENDERIA ELEKTROKIMIA BERASASKAN TIUB NANO 
KARBON PELBAGAI DINDING /NANOPARTIKEL EMAS UNTUB 

PENGESANAN VOLTAMMETRI SISA AMOXICILLIN DAN 
THIAMPHENICOL DIDALAM SUSU LEMBU 

Oleh 

ALIYU MUHAMMAD 

Oktober 2016 

Pengerusi : Profesor Nor Azah Yusof, PhD 
Fakulti : Sains 

Sisa antibiotik dalam susu adalah suatu kebimbangan kepada agensi-agensi kawal 
selia kesihatan, pengguna susu dan penternak tenusu dan sebahagian besarnya adalah 
disebabkan oleh kesan yang terdiri daripada reaksi alahan, rintangan antibiotik dan 
kesan terhadap teknologi susu digunakan untuk mengeluarkan produk-produk ditapai. 
Kaedah konvensional yang digunakan dalam mengesan sisa-sisa ini mempunyai 
beberapa kelemahan seperti mahal, memakan masa dan tidak boleh digunakan untuk 
analisis POC (Point of Care). Sintesis untuk nanokomposit mengandungi partikel nano 
emas (AuNPs) dan tiub nano karbon pelbagai berdinding (MWCNTs) menggunakan 
ethylenediamine (en) sebagai pemaut kacukan antara MWCNTs dan AuNPs adalah 
dibentangkan di sini. Kumpulan-kumpulan amina dalam en telah digunakan sebagai 
titik pertumbuhan untuk sintesis AuNPs melalui tarikan elektrostatik antara kumpulan 
amina (NH4

+) dan AuCl4
- manakala natrium sitrat digunakan sebagai agen penurunan. 

Hasil kajian menunjukkan bahawa saiz dan tebaran AuNPs pada permukaan 
MWCNTs sangat dipengaruhi oleh kandungan HAuCl4. Morfologi nanokomposit 
yang disintesis dicirikan oleh Field Emission Scanning Electron Microscopy  
(FESEM) dan Transmission Electron Microscopy (TEM) manakala komposisi unsur 
dan kristalografi bagi komposit telah dikaji menggunakan X-ray Diffraction (XRD), 
UV-Visible, Thermal Gravimetric (TG) dan Raman. Nanokomposit digunakan untuk 
mengubahsuai elektrod skrin dicetak. Pencirian elektrokimia elektrod mendedahkan 
bahawa nanokomposit telah meningkatkan luas permukaan dan kekonduksian elektro-
aktif. Penderia yang direka telah digunakan untuk pengesanan amoxicillin dalam 
sampel susu lembu dengan menggunakan Adsorptive Stripping Voltammetry (AdSV). 
Hasil kajian menunjukkan bahawa nanokomposit disintesis telah didorong kesan 
sinergi yang luar biasa ke arah elektro-pengoksidaan amoxicillin. Di bawah keadaan 
kajian dioptimumkan, (0.1 M penimbal fosfat pH 7.0, pengumpulan berpotensi -0.4 
V, masa pengumpulan 180 s),  AdsV amoxicillin menunjukkan julat dinamik linear 
yang luas dalam julat kepekatan 0.2-30 mikroMolar. Dua penentukuran linear antara 
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0.2-10 µM dan 10-30 µM diperhatikan dengan persamaan Ipa (A) = 2.88 C (µM) + 
1.2017; r = 0.9939 dan Ipa (A)  = 0.88 C (µM) + 22.97; r = 0.9973 masing-masing. 
Had pengesanan (LOD) dan had kuantifikasi (LOQ) dikira sebagai 0.015 µM dan 
0,149 µM, masing-masing. Teknik Different Pulse Voltammetry  (DPV) telah 
digunakan untuk mengesan thiamphenicol. Hasil kajian menunjukkan bahawa 
nanokomposits disintesis juga menyebabkan kesan sinergi yang luar biasa untuk 
pengoksidaan thiamphenicol. Di bawah keadaan optimum, (0.1 M sitrat penampan pH 
6.0, pengumpulan berpotensi -0.7 V, masa pengumpulan 150 s), ukuran DPV daripada 
thiamphenicol menunjukkan julat dinamik linear yang luas dalam julat kepekatan 0.1-
30 µM. Dua julat linear direkodkan daripada 0.1- 10 µM dan 10-30 µM dengan 
persamaan Ipa (A)  = 0.9888 C (µM) + 1,2563; r = 0.9939 dan Ipa (A) = 0.216 C (µM) 
+ 7.36; r = 0,9973 dengan masing-masing LOD dan LOQ daripada 0.003 µM dan 
0.01.0 µM. Penderia direka telah digunakan untuk menentukan amoxicillin dan 
thiamphenicol dalam susu lembu dengan hasil pemulihan memuaskan yang baik 
berbanding dengan kaedah piawai HPLC. Ini menunjukkan kesesuaiannya sebagai 
satu alternatif untuk mengesan amoxicillin dan thiamphenicol dalam sampel susu 
lembu untuk pemantauan alam sekitar dan proses kawalan kualiti. 
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CHAPTER 1 

1 INTRODUCTION 

1.1 Background of the Study 

Over the years, different brands of antibiotics have been synthesized for antibacterial 
purposes, which played major roles in the field of medicine for the treatment of 
diseases. Antibiotics have been used to treat wide variety of infectious diseases caused 
by bacteria in both human and animals which results in saving lives and money. The 
discovery of these drugs has revolutionized the medical sector in terms of health care 
delivery, thereby making a turning-point in human history. Unfortunately, the use of 
these medically and economically benign drugs has been abused by the same 
beneficiaries (i.e human being) through misapplication in veterinary practice. 
Antibiotics are used for the treatment of bacterial infections and as feed additives in 
veterinary practice, remnant of these drugs can be found in edible products of animal 
origin, which are linked to the emergence of allergic reactions, antibiotic resistance 
and other related health issues  (Aerts et al., 1995; Reeves, 2011). 

The use of antibiotics in animal production has increased to the extent that about 80 
% of all animals produced for food purposes received medication at one point of their 
life or the other. It is presumed  that in the near future nearly all  animals in the world 
that are meant for food production will have received a veterinary drug for one purpose 
or the other (Lee et al., 2001). The use of these veterinary drugs has attracted serious 
public attention due largely to their continuous residue in animal tissues.  

The primary concern of the public regarding drugs residues in food products of animal 
origin is the potential of the residues to pose health threats and economic lost. This 
public awareness and concern have made it crucial that marketed products of 
veterinary origin should be free of antibiotic residues (Irum et al., 2014).  

Quality management in food analysis is designed to ensure that reliable food items are 
supplied to consumers. Therefore, the primary goal of national and international 
regulatory frameworks for the use of veterinary drugs in food producing animals is to 
ensure that authorized products are used in a manner that will not lead to non-
compliance residues. To achieve this, government agencies and international bodies 
have established standard guidelines and regulations that food producers and trade 
partners need to meet safeguard and adhere, in order to ensure food safety. However, 
analytical methods are required to rapidly and accurately detect, quantify and confirm 
that antibiotic residues in food have met the regulatory standards and to remove 
products that do not comply with these safety standards from circulation. (Reeves, 
2011). 
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1.2 Antibiotics 

Antibiotics are drugs of natural or synthetic origin that have the capacity to kill or 
inhibit the growth of microorganisms. They are known to have the potentials of 
slowing down or totally eradicating the multiplication of bacteria (Kümmerer, 2009). 
Antibiotics have been used in the veterinary industry for  decades,  being used for 
prophylactic purpose to prevent diseases,  therapeutic purpose to treat diseases and 
also serves as feed  additives to improve growth, breeding performance and enhance 
milk or meet production (Dasenaki & Thomaidis, 2015; Stolker et al., 2007; Barton, 
2000; Lee et al.,  2001). Antibiotics are administered to animals by different methods 
namely;  through injections (intramuscular, intravenous, or subcutaneous), orally, 
topically, via intra-mammary or intra-uterine infusion (Kantiani et al., 2009). The use 
of these drugs in food producing animals is of concern since they tend to leave 
antibiotic residues that can be found in different concentration in products of animal 
origin. Presence of these residues above the maximum residue limit (MRL) accepted 
by standard health regulatory agencies is of concern since they get into human system 
through the food chain, thereby posing potential health hazards (Dayan, 1993). 

1.2.1 Antibiotic residue in products of animal origin 

An antibiotic residue is either a parent compound or its metabolites that deposit or 
accumulate within the organ, tissue, cells or edible products (e.g. milk, meat, egg) of 
animal resulting from its use for therapeutic, prophylactic or as feed additive (Lee et 
al.,2001). Depending on the time-span between administration of the antibiotic and 
the collection of the animal product (i.e. withdrawal time, which is the time between 
the administration of the drug and the time its concentration is supposed to be depleted 
to tolerable limit ), drug residues may be present in these products, because farmers 
are eager to get money they most often collect products from these animals after drug 
administration without observing the withdrawal period (Cow et al., 2010). 

Another factor which led to the presence of residue in animal products is the route of 
administration of the drugs, sometimes farmers tend to administer drugs to animals 
contrary to  specification  (i.e. off label usage) (Stolker et al., 2007; van der Kreek, 
1984), for instance, a drug  meant to be administered through the vein (intravenous) is 
administered through the muscles (intramuscular) because intravenous involved some 
technicalities which required a veterinary expert. But farmers administer the drug 
through the muscles in order to avoid professional expenses of the veterinary expert 
so, as to avoid spending more money if they are to employ the services of an expert, 
the time taken for a drug administered through the vein to break down to lower 
concentration is less compared to the one administered through the muscle. So this 
practice can leads to antibiotic residues. 

Physical condition of the animal is also a factor that can lead to drug residue in animal 
products (Aerts, et al., 1995), owing to the diminishing rate at which living organism 
eat and drink water whenever the organism is disease-ridden (Stuttgen, 2011). So, 
even if the drugs were administered according to specification, and the withdrawal 
time is observed there may still be residues since metabolism in the animal’s body will 
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be minimal resulting from lower feeding habit which automatically affect the rate at 
which the drug is broken down. Present of these antibiotic residues in product of 
animal origin is of concern because they poses health hazards and economic loses to 
milk users (Novais et al., 2010;  Adrian et al., 2009). 
 
 
1.2.2 Amoxicillin 
 
Amoxicillin (Amox) (2S,5R,6R)-6{[(2R)-2-amino-2-(4-hydroxylphenyl)-
acetyl]amino}-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic 
acid), with a  molecular formula of C16H19N3O5S and Molecular weight of 365 g/mol, 
is  quite soluble in water, methanol, and slightly soluble in ethanol (Ahmed, et al., 
2011),  it belongs to the β-lactam group of antibiotics and like all other members of 
this group, Amox structure (Fig. 1.1) contains a β-lactam ring which is responsible for 
its anti-bacterial property but differs from other members of the group by the side-
chain which account for the major differences in their chemical and pharmacological 
properties (Akhond et al., 2015). Amox is the only phenolic penicillin β- lactam 
antibiotic (Ojani et al., 2012). It has higher ability of getting absorbed via oral 
administration,  it is quickly distributed through the body and is resistance to acid 
produced in the stomach (Kantiani et al., 2010). It is used to treat bacterial infections 
caused by susceptible micro-organisms It is the drug of choice within the class, 
because it is better absorbed following oral administration, and it acts by inhibiting the 
cross-linkage between the linear peptidoglycan polymer chains that makes up the 
bacterial cell wall (Irum et al., 2014; Ahmed et al., 2011; Uslu & Biryol, 1999). 
 
 
In both clinical and veterinary  practice, amox is used  to treat many types of infections 
caused by bacteria such as acute exacerbations of chronic bronchitis, pneumonia, 
gonorrhea, skin and urinary tract infections  ( Dhoka & Gawande, 2010).  
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Figure 1.1 : Chemical structure of Amox. 

 
 

1.2.3 Thiamphenicol 
 
Thiamphenicol (TAP) [D-threo-2,2-dichloro-N-β-hydroxy-a-(hydroxymethyl)-p-
(methyl-sulphonyl)-phenethyl acetamide], with a molecular formular of 
C12H15Cl2NO5S and molecular weight of  356 g/mol is an analogue of 
chloramphenicol in which the nitro group on the benzene ring is replaced with a 
methyl sulfonic group (Kowalski, 2007; Chen et al.,2006) (Fig.1. 2).  
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Figure 1.2 : Chemical Structure of Thiamphenicol 
 
 
It is a broad-spectrum bacteriostatic antibiotic, active against both Gram-positive and 
Gram-negative pathogens (Hajra et al.,  2006). At a sub-cellular level, TAP inhibits 
the protein synthesis joining the ribosomes and thus preventing the binding of the 
amino acid with peptidyl transferase (Kowalski, 2007). 
 
 
TAP has been used for therapeutic  purpose in both clinical and  veterinary practice 
(Shinohara, et al., 2009). In human being, it is used for the treatment of sexually 
transmitted infections and pelvic inflammatory diseases while in livestock it is used  
in the treatment  of wide range of respiratory and alimentary tract infections of 
bacterial origin (Kowalski, 2007). 
 
 
1.3 Electrochemical techniques 
 
Electrochemical techniques are powerful and wide range analytical techniques which 
are based on electrical properties of analytes in electrochemical cell. The technique 
offers a higher degree of sensitivity, accuracy,  precision as well as a wider linear 
dynamic range, with relatively low-cost instrumentation (Özkan et al., 2003). These 
techniques make measurements based on the conductive property of the electrodes 
that makes up the electrochemical cell. Electrochemical measurements are two-
dimensional, with the potential being related to qualitative properties and the current 
related to quantitative properties (Özkan et al., 2003). The techniques have the 
advantage of simplicity, fastness with ability to carrying out experiments with less-
expensive equipment. They are capable of  detecting analytes at  a very low 
concentrations, they are selective making it possible to determine a specific analyte  
even in the presence of some common interfering species due to their high selectivity 
(Alizadeh et al., 2012). 
 
 
1.4 Problem statement 
 
The use of antibiotics for the treatment and prevention of diseases as well as growth 
enhancement in food producing animals have proved to be a great achievement in the 
field of veterinary practice, because it saved money and increased profit of dairy 
farmers. Amox is one of the most commonly use antibiotic, it is usually the drug of 
choice within the β-Lactam class because it is better absorbed following oral 
administration (Ahmed et al., 2011; Ojani et al., 2012), it is widely used in veterinary 
practice for the treatment and prevention of  respiratory, gastrointestinal, urinary and 
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skin bacterial infections due to its pharmacological and pharmacokinetic properties, it 
is also approved for use in lactating dairy cows by  intra-mammary infusion (Irum et 
al., 2014).  
 
 
TAP is another antibiotic used  for the treatment of bacterial infections, it is active 
against both Gram-positive and Gram-negative pathogens and specifically effective 
against anaerobic organisms(Kowalski, 2007). TAP is used in place of 
chloramphenicol which had been linked to aplastic anemia due to the presence of nitro 
group in its structure which have been replaced in TAP  by a   methylsulphonyl group 
(Kowalski, 2007). The use of these drugs also come with a price since not all the drugs 
administered or given to animals are completely metabolized, they end-up leaving 
residues that can be found in products of animal origin. The presence of these residues 
above the maximum residue limit (MRL) in product of veterinary origin is of concern 
because they poses health hazards to consumers ranging from allergic reactions to the 
development of mechanisms of antibiotic resistance (Kantiani et al., 2009). They also 
create economic losses by the inhibitory effect they produced in the fermentation 
processes in production of cultured milk products such as cheese and yoghurt 
(Conzuelo et al., 2014). 
 
 
The conventional methods used for the detection of these antibiotics  in products of 
animal origin, though they  have the advantage of accuracy,  suffered the 
disadvantages of  being time consuming, expensive and large size which hinder their 
application for on-site monitoring/analysis (Alizadeh et al., 2012). Some of the 
methods also present the necessity for  large amount of  high purity organic solvents, 
long equilibration and derivatization  treatment (Rezaei and Damiri, 2009; Ojani et al., 
2012).  
 
 
Electrochemical techniques have emerged as alternative ways of detecting antibiotics 
in real samples,  due to their exceptional properties which include;  simplicity, 
sensitivity, selectivity,  fastness, low cost instrumentation and portability that makes  
them suitable for on-site/point of care application (Cosofret et al., 1995; Ojani et al., 
2012). 
 
 
Previous works have reported high detection limit of these drugs i.e amoxicillin in 
different real samples (Uslu and Biryol, 1999; Santos, et al., 2008; Ojani et al., 2012). 
Therefore, devising an electrochemical method of higher sensitivity, selectivity with 
lower detection limit for the detection of these antibiotics (i.e. Amox and TAP) whose 
residues are associated with different problems to the user of milk of veterinary origin 
is research-worthy. 
 
 
Although, substantial reports are available on the decoration of carbon nanotubes with 
gold nanoparticles but the use of refluxing method to construct a nanohybrid based on 
multi-walled carbon nanotubes and gold nanoparticles with ethylenediamine as a cross 
linker and its use in fabrication of electrochemical sensor for the detection of 
amoxicillin and thiamphenicol residues in bovine milk is not reported.  
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1.5 Objectives of the study 
 
This work is aimed at developing a simple and sensitive electrochemical sensor for 
voltammetric detection of antibiotics in bovine milk. The detection and selectivity of 
the proposed sensor is based on the incorporation of multi-walled carbon nanotubes 
and gold nanoparticles to form nanocomposites having synergetic properties capable 
of enhancing the electrochemical performance of the proposed sensor towards 
detection of the said antibiotics in Bovine milk. 
 
 
The main objective of this work is to develop an electrochemical sensor based on 
multi-walled nanotubes and gold nanoparticles for the detection of antibiotic residues 
in Bovine milk. To achieve this set objective, the following specific objectives are 
outlined: 
 

i. To prepare and characterize nanocomposites based on multi-walled carbon 
nanotubes and gold nanoparticles via electroless deposition process. 

ii. To apply the synthesized and characterized nanocomposites in fabricating 
electrochemical sensor and evaluate the electrochemical performance of the 
fabricated sensor by CV and EIS techniques and further test the 
electrochemical behavior of the analytes (Amox and TAP) towards the 
fabricated sensor. 

iii. To optimize variable experimental conditions for improving the sensing 
capability of the fabricated sensors towards the detection of the said analytes. 

iv. To apply the fabricated sensor under optimized experimental conditions for 
real sample analysis. 

v. To validate the results obtained from the proposed method by High 
Performance Liquid Chromatographic technique. 
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