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Abstract 

Nanobottles are bottles in nano-scale. They provide a physical immobilization effect. We aim to combine this 
technology with the healthy eating trend and produce a handy fat and sugar sensor for food that has an extended 
working life. From a technical point of view, we hope that the successful development of the final product will 
lead to further sensor applications using nanobottle technology. 
Our project is divided into 4 technical parts: Nanobottle Synthesis, Enzyme Immobilization, Electrochemical 
Biosensor Design and Prototyping. Nanobottles of suitable sizes and physical properties will be produced by 
manipulating the production process. Enzymes for detecting lipid and fructose will be immobilized in 
nanobottles. Biosensor will be designed and a prototype will be made such that the enzymatic reaction can be 
successfully translated into readable signals. A market survey has been conducted to find out target customers' 
preferences and to help further refine the design of our sensor. 
In the development phase, a sensor using Horseradish Peroxidase (HRP) is first fabricated. This would be a less 
complicated one-enzyme system serving as a gateway to fat and sugar sensor which requires four different 
enzymes. The experimental outcome up to this point is optimistic. The fat and sugar sensor would be the 
expected outcome upon the completion of this project. In addition, other storage systems such as activated 
carbon and nafion membrane are applied to anticipate and compare the efficiency of nanabottole. 
This report is arranged in a way that depicts the development sequence of the sensor. It first surveys into the 
background and rationale of developing such a fat sensor. It then goes over the procedures of respective steps. It 
then leads to the experimental results and the associated discussion. The report is finally wrapped up with future 
works and conclusion. 
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1. Project Overview 

1.1 Introduction 
We are devoted to developing easy-to-use and inexpensive biosensors to measure of fat content in food to help 
individuals make informed choices in their dietary intake. It is because people cannot judge the food's fat 
content just from their naked eyes, although the sweetness level can tell the approximate amount of sugar it 
contains. We are not only targeting at the young healthy eaters, but also the elderly and patients that really need 
a healthy diet. We hope that with the successful development of the product, we can provide a cheap and 
convenient way to control their diet and thus, improve their health. Our biosensor has incorporated the use of 
nanobottle technology. 
Nanobottle technology is a relatively new technology and there are still many applications to be explored. For 
our fat sensor, we are making use of the physical immobilization property of nanobottles to protect enzymes, 
and thus, improve the reusability and working life of the sensor. The technology can be further applied to 
sensing other substances, for instance, contaminants in water. Other than the sensor, we have thought of 
applying nanobottles on paint. Nanobottles can retain the paint and, therefore, prevent chemical reaction with 
air and prolong the life of the paint on the wall. 
The development of the fat sensor is a first step in the discovery process. We hope that during the development 
process, more properties of nanobottles can be found for further applications. 
1.2 Aim and Objectives 
On the market side, we are aiming at developing a handy device to measure the fat and sugar content in food to 
help health-conscious users to regulate their diet. At the same time, the production cost will be kept as low as 
possible. 
On the technical side, we also hope that the successful development of the final product will lead to further 
sensor applications using nanobottle technology, for instance, in the detection of the concentration of 
contaminants in water. 
1.3 SWOT Analysis 

Strength Weakness 

• Fast • Require multiple enzymes 

• Portable • Probable short life 

• Reliable • Need calibration for medical use 

• Easy to use • Narrow operating condition 

• Inexpensive • Require clean-up after use 
Opportunity Threat 

• Growing health consciousness • Lots of existing manufacturers 

• Stronger consumption power in Asia • Nutrition information widely available 

• Partnership with existing industry players • Probable accurate instrument 

• Cater for high and low end markets • Increases un-recyclable refuses 

1.4 Project Management 
Our project management strategy is summarized by Fig 1.4.1: 

I:::::::::::::j~~f~~~!.~~::·:::::::::) 

Brainstorming of 
ideas 

Market 
survey 

Fig. 1.4.1 Project Flowchart 

Literature research 
And 

Design of 
experiments ---1L..._E_xp_e_ri_m_en_ts..-lH ..... _A_n_al_

y
s_iS--, 
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2. Methodology 

2.1 Technical Background Information 
Test-substitute of Nanobottles: Activated carbon 
As nanobottles with desired propelties cannot be made at this stage, activated carbon was used as a substitute 
for nanobottles for investigating the effect on biosensor for enzyme immobilization. The structure of activated 
carbon looks a little like ribbons of paper that have been crumpled together, intermingled with wood chips. 
There are a great number of nooks and crannies, and many areas where flat surfaces of graphite-like material 
run parallel to each other, separated by only a few nanometers or so. These micropores provide superb 
conditions for adsorption to occur, since adsorbing material can interact with many surfaces simultaneously. [1] 
Activities of the enzyme immobilized 
• Thermomyces lanuginose Lipase and Glycerol Kinase (GK)/ glycerol-3-phosphate oxidase(G3PO) 
All modem methods for detection of fat are primarily enzymatic and consist of two main steps. The first step is 
enzymatic hydrolysis of triglycerides to glycerol and fatty acids in presence of lipase: 

CHz-COOR I CHzOH R 'eOOH 

I L" I 
CH -COOR- +3H20 _~ CHOH + R"COOH 
I I 
CHrCOOR'" CH20H R'" COOH 

Triglyceride Glycerol Fatty acids 

The second step is the determination of glycerol, which can be achieved by various methods. In this project, 
Glycerol Kinase is used for the electrochemical determination of glycerol: 

Glycerol + Glycerol Kinase -+ sn-glycerol-3-phosphate (ATP-->ADP) 

Poly (neutral red) (PNR) is used as a redox mediator. The glycerol-3-phosphate are then reacted with 
glycerol-3-phosphate oxidase via the following reaction: [2] 

gtycel'Otphosphute<.,xkluse 
Glycerol-3-phosphate + PNRox ) Glycerone-3-phosphate 

+PNRl'oo 
• Horseradish Peroxidase (HRP) 
HRP was used as a test-substitute enzyme for the biosensor system. HRP was a relatively inexpensive enzyme 
with well-known cyclic voltarnrnetry results. It catalyzes the reaction between hydrogen peroxide and ABTS. 
The development of HRP biosensor gives insights for developing the more complex glycerol sensor. 

ABTS + H 20 2HR j>ABTS+ + H 20 [3] 

About crosslinking agent 
Crosslinkers (CL) are either homo- or hetero-bifunctional reagents with identical or non-identical reactive 
groups, respectively, permitting the establishment of inter- as well as intra-molecular crosslinkages. 
Glutaraldehyde, a popular homo-bifunctional reagent, will be used in our project where maintenance of 
structural rigidity of protein is important. 
Major Components of an Electrochemical Sensor 
1. Gas Permeable Membrane: cover the sensing electrode and to control the amount of molecules reaching the 
electrode surface. The membrane also filters out unwanted particulates. 
2. Electrode: a catalyzed material which performs the half cell reaction over a long period of time. All three 
electrodes can be made of different materials to complete the cell reaction. 
3. Electrolyte: facilitate the cell reaction and carry the ionic charge across the electrodes efficiently. It must also 
form a stable reference potential with the reference electrode and be compatible with materials used within the 
sensor. [4] 
Principles of Structure of Biosensor Kit 
By applying a potential between a reference and indicating electrode can give rise to a current which is related 
to the concentration of an electroactive analyte in the solution. 
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Advantages: 
• Solid research foundation 
• Good efficiency in in-vitro 

Disadvantages: 
• Contamination (electrode surface, impurity) 
• Cannot be used on non-diluted samples for a long time 
• Electrode may release harmful substances[S] 

Hindrance of Electrical Communication 
The redox center of most oxidoreductases is electrically insulated by a protein shell. Because of this shell, the 
enzyme cannot be oxidized or reduced at an electrode at any potential. [6] 
2.2 Procedure 
Nanobottle synthesis 

Substrate preparation: Highly Oriented Pyrolytic Graphite CHOP G) 
Highly Oriented Pyrolytic Graphite (HOPG) preparation includes a few steps: A piece of graphite was first tom 
off by a tape. This piece of graphite was then dipped into 20ml of 30% w/w hydrogen peroxide solution and be 
kept in a 80°C oven for 48 hours. This was to modify the surface property of the graphite to improve the 
adhesion of polymer film. After this, the modified graphite was stuck onto a lcm x lcm silicon wafer with a 
double sided tape because this piece of graphite alone was not hard enough to go through the tough spin coating 
process. 
Polymer film deposition 
A thin film of PMMA polymer solution was deposit onto the graphite surface using spin-coating method. 30I-Ll 
of PMMA solution was spin-coated onto the surface under the condition of 4000rpm for 60seconds. The reason 
of using PMMA is that this polymer can be removed at SOO°C. 
Microwave treatment 
The graphite with a thin polymer film then underwent a microwave treatment. The piece of graphite was dipped 
into a vessel with SOml DDI water. The vessel was transferred into an 180W microwave oven and be heated up 
for IS minutes followed by 20 minutes ventilation. The high temperature triggered a dewettaing process on the 
polymer film, causing the formation of nano-size polymer droplets which is called nano-islands. 
Silica sol deposition 
30lll of silica sol was deposit onto the surface of graphite with thousands of nano-islands using spin-coating 
method again. The condition for this process was 6000rpm for 30 seconds: The nano-islands after this step will 
be covered by a thin film of silica sol. 

Calcination 
Calcination was carried out to remove the polymer nano-island under silica sol. The graphite was placed into a 
SOO°C furnace for 10 hours. The heating rate and cooling rate of the furnace is 2°C per minute. This process 
aim at degrading the PMMA into gas that eventually they spilled out from the most top point at some pressure 
and then made the top surface opened. This will leave behind a hollow semi-sphere made up of silicon dioxide 
on the graphite surface, which is called nanobottles. 
Etching 
Finally, the holes on the top of the nanobottles may not be large enough to be useful, so etching with KOH 
doped with Buffered Oxide Etch (BOE) with be carried out to enlarge the holes to a desired size. 
Varying parameters of the above steps were used to produce nanobottles with desired properties. 
Enzyme Immobilization 
In addition to GKlG3PO, different enzymes can also be immobilized using nanobottle. The nanobottle 
immobilization technology opens up a simple route to a structurally defined nanoporous support surface, which 
may provide the basis for the development ofbiosensors. Additionally, the opening of the nanobottle can be 
manipulated by variations in the reaction environment, allowing the shape to be tailored to different 
applications. Here is a proposed enzyme immobilization method applying nanobottle technology. 
Immobilization of GKlG30P in nanobottle 
A mixture of 2 ul Glycerol-3-phosphate oxidase (20 mgmL-l), and 8 ul glycerol kinase (24 mgmL-l) was 
prepared. [7] The mixture was put onto the nanobottle surface. 2ul of glutaraldehyde (2.S% in water) onto the 
surface was introduced for cross-linking. The sensor was stored at 4°C. 
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A schematic diagram for enzyme immobilization using nanobottle: 

• 
• • 
• • 

1. An empty nanobottle 2. Deposit the enzyme onto the nanobottle surface. 

3. The enzymes get into the nanobottle. 4. Cross linking agent to cross link the enzymes inside the nanobottle 
Fig. 2.2.1 Schematic illustration of biomolecule immobilization in nanobottle 

Glycerol nanobottles biosensor was prepared with the following procedures: 
1. Immobilize G3PO and GK in nanobottles 
2. Cmsh the nanobottles with immobilized enzymes into powder form 
3. Deposit the nanobottles powder on the working electrode using silver paste 
Since desired nanobottle pattern is still under development, physical adsorption of HRP on activated carbon 
surface has been employed for enzyme immobilization to simulate the action of nanobottles. By using 
adsorption method, the enzyme activity can be maintained and the sensitivity of the biosensor will be higher. 
However, the immobilized enzymes may desorb from the solid materials after repeated use. 
Immobilization of HRP using activated carbon 
4 mg active carbon powder was dispersed thoroughly in 5 ml H20 and was treated with ultrasonication for 30 
min. For the adsorption of the enzyme on the surface of the active carbon powder, 2mg of HRP was added to 
the system and stirred for 9 hours at 4°C. The mixture was centrifuged at 4000rpm for 10 minutes. The enzyme 
immobilized activated carbon was transferred onto the biosensor surface which was dried at room temperature. 
[8] 
Immobilization of GKlG30P using activated carbon 
The procedure was the same as HRP immobilization except for the enzymes to be immobilized were a mixture 
of 2ul of G30P and 8ul of GK. 
Electrochemical Sensor Design 
Cyclic Voltammetry 
To investigate the effect of enzymatic reactions on the readily-made electrode systems, cyclic voltammetry was 
used. The results of cyclic voltammetry of many biosensors were known, including glycerol biosensor and 
hydrogen peroxide biosensor. The results of our experiments were compared with those of literature. 
Readily-made screen printed carbon electrodes were used in all the electrochemical experiments. 
Electrochemical station (CHI 660C) and the corresponding computer software (CHI 660C Electrochemical 
Workstation) were used to test the electrode system. 

Counter Electrode } 
Working Electrode Connected to 
Reference Electrode (AgI AgCl) Electrochemical station 

Substrate 

Fig. 2.2.2 Electrode system used in electrochemical experiments 
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Prototyping 
Appearance Design 
The modeling is produced with a freeware, Google SketchUp 6. Developed for the conceptual stages of design, 
Google SketchUp is a 3D software tool for 3D design. [9] The size and conceptual appearance are based on the 
findings in the market survey. 
Circuit Design and Programming 
Screen-printed electrodes with three electrodes (RRPElO02C-24, Pine Research Instrumentation, Raleigh, NC) 
is used. Nanobottle is fabricated on the working electrode, followed by immobilization of enzymes. 
The external circuit follows a high-level architecture as depicted in the following figure: 

I Amplifier I"'v "<v C:~~~~I~r 'i> "':=:-D-iSP-~-~y-D U-n-it--' 

Fig. 2.2.3 Architecture of the external circuit 
The raw electrical output is intensified by the amplifier and fed into the ADC which converts analog current 
signals into digital ones. The pre-programmed micro-controller maps these signals according to a calibration 
curve to give meaningful messages for users on the LCD display unit. 

3. Results and Discussions 

3.1 Nanobottle Synthesis 
Substrate 
As a start of the experiment, the surface flatness of the graphite was determined using atomic force microscope 
(AFM) to decide whether it is suitable for nanobottle synthesis. The result is as follows: 
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Fig. 3.1.1 Surface analysis of a HOPG without any treatment in a scale of lOum 
Many plane regions were found on the HOPG. The results showed that those regions were flat, in which the flat 
layers differed from each other for less than Snm. Due to its surface flatness, the surface of graphite is suitable 
for the synthesis of nanobottle. 
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Spin-coating 
A thin film of PMMA polymer solution was deposited on the raw HOPG surface and the following has been 
observed: 

" 
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Fig. 3.1.2 Surface analysis of a HOPG after spin coated with a layer of PMMA solution in a scale of 
5um 

The results showed a lot of valleys on HOPG after spin coating, which were lOnm deep. The bottoms of the 
valleys, which were quite flat, were believed to be the surface of HOPG. One of the explanations for this 
pattern is that the adhesion property of polymer towards the graphite surface was not good. The surface 
adhesion property can be improved by surface modification method. This leads to the treatment of graphite with 
hydrogen peroxide at elevated temperature for certain period of time. 
Surface Pre-treatment 
The duration for the graphite treatment with hydrogen peroxide has been determined from conducting several 
experiments. Graphite has been treated with hydrogen peroxide for 0 hour, 1 hour, 3 hours, 24 hours and 48 
hours respectively. A thin polymer film was then deposited on the treated surface. The surfaces were observed 
using AFM and were analysed. The results are as follows: 
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Fig. 3.1.3 Surface analysis of a HOPG(a) after spin coated with a layer of PMMA solution in a scale 
of5um 

Result of surface after treating with hydrogen peroxide for 3 hours 
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Result of surface after treating with hydrogen peroxide for 24 hours 
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Fig. 3.1.6 Surface analysis of a HOPG after spin coated with a layer of PMMA solution in a scale of 
2.5um 

It was found that the film flatlessness (roughness) on the treated graphite increased with the duration of 
treatment. The wettability of the HOPG towards PMMA solution increases with the duration of treatment 
between the HOPG and hydrogen peroxide solution. At the same time, that the film thickness decreased from 
lOnm to less than 3nm after the treatment supports the fact that the film thickness decreases with increasing 
surface flatlessness. 
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However, some small holes of lower size and density as compared to previous sample were present on the 
surface. The distance between the bottom of the hole and the surface of the film was about 2.Snm. Since the 
holes are so small that the dewetting process would probably not be interfered, this defect is ignored and 48 
hours of hydrogen peroxide solution treatment is assumed to be enough with high confidence. 
The synthesis of nanobottle is in progress. At this stage, the graphite has undergone the microwave treatment 
and the result is under analysis. 

3.2 Enzyme Immobilization 
The prepared HOPG nanobottle biosensor is tested by electrochemical station. Result showing that there was a 
sharp peak in the upper curve (please refer to Fig. 3.3.1 in electrochemical sensor design) and therefore 
enzymes should be present in the biosensor. However, at this stage, the enzymes immobilized have not been 
quantified yet. Further investigation on suitable fluoresce would be needed to measure the degree of enzyme 
immobilized using optical microscope. 

3.3 Electrochemical Sensor Design 
A number of experiments using cyclic voltammetry techniques have been conducted. Every experiment was 
designed and conducted with a discrete and clear goal as shown below: 
Objectives and Brief Descriptions of Individual Experiments 
1. Test on the Electrode System and the Cyclic Voltammetry Behavior of HRP 
The plain readily-made screen-printed carbon electrode was used to test the enzymatic reaction of HRP. 
2. Investigate the Effects of Activated Carbon Immobilization 
The effect of immobilizing HRP in activated carbon was tested. 
3. Nitrogen Test 
To minimize disturbance caused by oxidation of substrate (H202 and ABTS), nitrogen was bubbled into the 
system before the cyclic voltammetry test for 10 minutes and during cyclic voltammetry to investigate the 
effect. 
4. Stability Test 
HRP activated carbon sensor was put under cyclic voltammetry test for 30-40 cycles for a week to test for 
stability. 
S. Calibration Test and Determination of Applied Potential for Practical Sensor Usage 
HRP was tested against different concentration of substrate to obtain the calibration curve. The corresponding 
voltages of peak currents were evaluated to determine a range of applied voltage for practical sensor testing. 
6. Elevated Temperature Test 
Biosensor system was tested at elevated temperature to investigate the temperature effect. In particular, the 
performance of biosensor at normal heated food temperature (40°C) was tested. 
7. Test on Glycerol Biosensor 
With the satisfactory performance of HRP sensor, the more complex glycerol- enzymes reaction was applied 
on the electrode system. Biosensor samples with and without activated carbon immobilization as well as with 
and without ATP were tested. Sample size was reduced to SmL due to limited amount of ATP 
8. Test on Enzymes in Nanobottles Biosensor 
Due to the limited supply of nanobottles sample, the only nanobottles sample was used in the glycerol sensor. 
The performance of this biosensor was evaluated by comparing with glycerol sensor with enzymes immobilized 
in activated carbon. Sample size was reduced to SmL due to limited amount of ATP 
Cyclic Voltammetry Results 
1. Test on the Electrode system and the Cyclic Voltammetry Behavior of HRP 
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Fig. 3.3.1 Cyclic Voltammetry results for control samples 
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Substrate: 0.8mM H202 with ABTS. 
(Left) Control Sample 1.1: substrate only 
(Right) Control Sample 1.2: Substrate with free HRP 
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Fig. 3.3.2 Reference HRP cyclic voltammetry diagram 
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For the preliminary tests of the HRP enzymatic system, the typical shapes of cyclic voltammetry can be 
observed. This has shown that the electrode system was working. The electrode system can be modified for 
performance improvements. 
With wider potential range, the peaks of the reduction (upper) and oxidation (lower) lie further away from each 
other. As long as all the experiments under the same test were done with the same potential range, the results 
are comparable. 
For the reference cyclic voltammetry, the potential range of -O.IV to 0.6V was used. The peaks lie at around 
0.3V (reduction) and 0.18V(oxidation). Our group has used a wider potential range to capture irregularities 
caused by electrode system modifications. 
2. Investigate the Effects of Activated Carbon Immobilization 
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Fig 3.3.3 Samples with different enzyme placement 
Substrate: 0.8mM H202 with ABTS. 
(Left) Sample 2.1: Free HRP deposited on working electrode 
(Right) Sample 2.2: Free enzyme in substrate 
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Fig. 3.3.4 Effects of activated carbon 
Substrate: 0.8mM H202 with ABTS. 
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(Left) Control sample 2.3: substrate mixed with activated carbon 
(Right) Sample 2.4: substrate tested with HRP activated carbon sensor 
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By comparing samples 2.1, 2.2 and 2.4, sample 2.4 outperformed samples 2.1 and 2.2 and gave the highest 
peaks, especially the reduction (upper curve) peak. Sample 2.4 has shown an obvious cyclic voltammetry 
behavior with explicit reduction and oxidation peaks. Also, by comparing sample 2.4 with control sample 2.3, it 
can be shown that the performance improvement was due to immobilization of HRP, but not the addition of 
activated carbon. 
Activated carbon immobilized HRP by adsorption. Immobilization and deposition on working electrode allow 
HRP to be recovered and stay close to the electrode to transfer the electrical signals efficiently. 
3. Nitrogen Test 
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Fig. 3.3.5 Samples with different nitrogen treatments 
Substrate: O.8mM H202 with ABTS, mixed with free HRP 
(Left) Sample 3.1: with nitrogen treatment. 
(Right) Sample 3.2: without nitrogen treatment 
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Fig 3.3.6 Samples with different nitrogen treatments 
Substrate: O.8mM H202 with ABTS, tested with HRP activated carbon sensor. 
(Left) Sample 3.3: with nitrogen treatment. 
(Right) Sample 3.4: without nitrogen treatment 
Bubbling nitrogen does not have any explicit effect on improving detection of reactions. In particular, the peak 
current of sample 3.4 is higher than sample 3.3. This further shows that bubbling nitrogen has no explicit effect 
on improving sensor performance. 
For glycerol biosensor, as food samples usually do not oxidize easily, nitrogen is not needed to prevent 
oxidation. Also, for practical sensor usage, it is hard to bubble nitrogen into samples. Therefore, nitrogen 
bubbling should not be applied on HRP biosensor and glycerol biosensor. 
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4. Stability Test 
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Fig. 3.3.7 Stability test done on different days 
Substrate: O.SmM H202 with ABTS, tested with HRP activated carbon sensor. 
(Upper left) Sample 4.1: 12 days after sensor was made, 30 cycles. 
(Upper right) Sample 4.2: 14 days after sensor was made, 40 cycles. 
(Lower middle) Sample 4.3: 24 days after sensor was made, 30 cycles. 
The HRP activated carbon sensor was made on March 5. Stability tests were done on March 17, 19 and 29. For 
all the 3 stability tests, the shapes of cyclic voltammetry were consistent with peaks at around the same 
potential. However, the size of peak current deteriorated with time and possibly, number of usages. One of the 
possible reasons is that HRP desorbs from activated carbon. Another reason is that HRP has a limited lifetime. 
Applying this result to the glycerol biosensor, the sensitivity of glycerol biosensor should deteriorate with time. 
Also, as enzymes for testing glycerol are more fragile and expensive than HRP, the deterioration should occur 
faster than that of HRP. 
One similarity between glycerol enzymes and HRP is that they both need another agent to help generating 
electrical signal. Glycerol enzymes need ATP and HRP needs ABTS. These 2 agents deteriorate quickly and 
cannot be recovered by immobilization. Therefore, both glycerol enzymes and HRP should be more suitable for 
development of testing kits unless the methods for stabilizing ATP and ABTS have been discovered. 
5. Calibration ofHRP biosensor and Determination of Applied Potential for Practical Sensor Usage 
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For this set of experiments, only the data of the first cycle will be used. This is because from the results of the 
stability test, the shapes of cyclic voltammetry curves remain consistent for all cycle. Also, for practical sensor 
usage, a quick detection is needed. 
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It is expected that the calibration curve should be like that of the reference curve. From the calibration curve of 
[H202] from O.005mM to 8mM, the pattern of data was similar to that of the reference curve. However, by 
closely observing the curve at [H202] from O.005mM to O.08mM, the data scattered randomly. As the 
calibration tests for [H202] from O.25mM to 8mM and [H202] from O.005mM to O.08mM were done on two 
separate days, from the results of the stability test, enzyme activities might have deteriorated with time. This 
implies that the data for high and low [H202] cannot be compared directly for this set of experiments. At this 
stage, no clear calibration results can be obtained. 
By combining the results of the stability test and the calibration test, a difficulty of developing biosensor arose. 
As enzyme activity decreases with time, the size of peak current decreases. If the current decrease due to 
deteriorating enzyme activities is greater than that of due to substrate concentration decrease, the accuracy of 
the biosensor would be a problem. Experiments have to be done to determine the maximum number of 
biosensor usages to keep the measurement of biosensor accurate. 
For the optimum applied potential range of HRP sensor, the range of potential at which the peak current 
occurred was obtained. The peak current for all the tested [H202] occurred at similar potential with slight 
variations. 
Optimum applied potential range: 
Reduction Segment: O.26V - O.27V 
Oxidation Segment: O.04V - O.05V 
For practical sensor usage, the chosen potential would be used to test the corresponding peak current. The 
optimum applied potential is thus very important for making accurate measurements. The optimum applied 
potential range derived from cyclic voltammetry would give insights for choosing the optimum applied 
potential for the final biosensor. To investigate the fixed-potential-and-current relationship, Amperometric i-t 
Curve testing method can be used. 
For the glycerol biosensor, the same set of calibration experiments can be done to obtain the calibration curve 
and the optimum applied potential range. 
6. Elevated Temperature Test 
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Fig. 3.3.13 Samples tested at different temperatures 
Substrate: O.8mM H202 with ABTS, tested with HRP activated carbon sensor. 
(Left) Sample 6.1: tested at 40°C. 
(Right) Sample 6.2: tested at room temperature 
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Fig. 3.3.14 Samples tested at 40°C 
Substrate: O.8mM H202 with ABTS. 
(Left) Control sample 6.3: with free HRP. 
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(Right) Control sample 6.4: without HRP 
For samples 6.3 and 6.4, the sizes of current were similar even though HRP should have a higher activity at 
40°C than at room temperature. One possible reason is that some H202 has oxidized during the warming 
process such that the loss of substrate cancels out the increase in enzyme activities. 
As heated food usually has a temperature at 40°C, by applying the result of the elevated temperature test of 
HRP sensor, the performance of glycerol sensor should not be affected when testing food at 40°C. 
One possible error of this experiment is that only the temperature of water bath was measured. 
7. Test on Glycerol Biosensor 
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Fig. 3.3.15 Activated carbon immobilization effect on G3PO and GK, without ATP 
Substrate: 20mL standard glycerol solution 
(Left) Sample 7.1: Free G3PO and GK in substrate 
(Right) Sample 7.2: G3PO and GK immobilized in activated carbon deposited on working electrode 
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Fig. 3.3.16 Effects of ATP on activated carbon glycerol sensor 
Substrate: 5mL standard glycerol solution and free ATP 
(Left) Sample 7.3: Tested with activated carbon glycerol sensor 
(Right) Control Sample 7.4: Tested with blank sensor without enzymes 
For samples 7.1 and 7.2, the shape of cyclic voltmammetry were far from normal shape of cyclic voltammetry. 
For sample 7.3, the normal shape of cyclic voltammetry started to appear even though still no obvious peak can 
be observed. In particular, by comparing samples 7.3 and 7.4, a clear difference in shape can be observed. It can 
be concluded that G3PO, GK and ATP work together towards generating a detectable enzymatic reaction. 
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Fig. 3.3 .17 Reference cyclic voltammetry diagram for glycerol biosensor 
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8. Test on Enzymes in Nanobottles Biosensors 
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Fig. 3.3.18 Cyclic voltammetry result of glycerol nanobottles biosensor 

Substrate: 5mL standard glycerol solution and free ATP 
Sample 8.1: Tested with glycerol nanobottles biosensor 
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Fig. 3.3.19 Control samples for comparison with glycerol nanobottles biosensor 
Substrate: 5mL standard glycerol solution and free ATP 
(Left) Control Sample 8.2: Tested with activated carbon glycerol sensor 
(Right) Control Sample 8.3: Tested with blank sensor with HOPG (nanobottles substrate) deposited on working 
electrode 
For sample 8.1, two curves (almost parallel to each other) went simultaneously all along the experiment. One 
possible reason is that there were 2 enzymes working together. For the first cycle, a sharp peak can be observed 
in the upper curve (in circle). For the second cycle, the peak no longer appeared. One possible reason is that all 
ATP has been used for the reaction in the first cycle as ATP cannot be re-powered. 
By comparing samples 8.1 and 8.2, nanobottles biosensor outperformed activated carbon sensor. By comparing 
samples 1 and 3, it can be shown that nanobottles substrate itself does not contribute to the normal shape of 
cyclic voltammetry. 

3.4 Prototyping 
Appearance 
Most of the prospective users prefer the sensor to have a size comparable to a MP3 player, so the appearance 
design has referred to some common MP3 players' out looking . 

Fig. 3.4.1 A model ofthe final product 
Circuit Design and Programming 
A sample circuit has been set up for easy reference. 

. -
~ 
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Fig. 3.4.2 Sample build of proposed circuit 
As seen in the above figure, the electrode is to be connected to the "Sensor" part to complete the circuit. 
Subsequent testing and programming are conducted to fine-tune the sensor. 
Programming is first conducted with the help of 8051 emulator and then deployed on the microprocessor. 

4. Future Work 

There are some unfinished aspects of biosensor developments that we are going to investigate in the following 
weeks. These include calibration test for freshly-made HRP sensor, elevated temperature test at a range of 
temperatures, electrical interaction enhancements using gold nanoparticles and other materials, and 
investigation of pH effects on sensor. The completion of these would bring the development phase to a 
consummate end. 
The efficiency of nanobottle as a storage system can be benchmarked against existing technologies like Nafion 
membrane and activated carbon. The economical efficiency can be determined. 
During the development of the biosensor, we have been aware of the possible future works that can follow, both 
inside and outside the field of biosensor applications. This may be able to provide some insights into other 
biosensors of similar kind and upcoming applications of nanobottle technology. 
This application can demonstrate the use of nanobottle as a conductive and efficient chemical storage system. 
The successful outcome of fat sensor exemplifies the deployment of other biomolecules and chemical reagents 
that enables a lot other applications as handy devices. After the success of one-enzyme system, system with 
increasing number of enzymes can be developed. 
Many enzymatic reactions require energy supply of ATP. It is worthwhile to investigate how ATP can be 
immobilized with the help of nanobottles. The ADP, to which used ATP turns, are to be re-powered if 
immobilized. In this way, lots of chemical determination kits can be fabricated as one-piece sensors which are 
much convenient. 
Nanobottle synthesis has to be standardized so as to make mass production possible. At present, nanobottle is 
still produced on each substrate one by one in the laboratory. Standard production technique can be published 
and scaled-up into industrial production. 
Other than biosensors, nanobottle technology can be applied to bioreactor materials. Nanobottle-contained 
enzymes can be recovered much easily after the reaction. The geometric arrangements of the nanobottle may 
provide better catalytic performance for reactions. 

5. Conclusion 

The first phase of developing fat content biosensor, i.e. development of HRP biosensor, is coming to an end. 
This lays the strong foundation for fat content sensor fabrication which would start in due course. 
The selection of substrate that is critical to nanobottle fabrication has been completed. Through trying out the 
synthesis on different materials, HOPG has been confirmed to be the best fit in biosensor application as its 
surface is extremely flat and electrically conductive, which is cmcial for electrical signal to be detected. HOPG 
pre-treated with hydrogen peroxide for 48 hours provides even better wetting property for PMMA deposition, 
prior to nanobottle synthesis. The synthesis of desired nanobottle is expected on this substrate very soon. 
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Irrlinobilization of enzymes in both activated carbon and nanobottles are shown to be a success with the 
optimistic electrochemical results. All three tested enzymes (GK, G3PO and HRP) are successfully adsorbed 
onto activated carbon and show impressive experimental results while GK and G3PO have been immobilized 
into nanobottles. 
Eight experiments were conducted with cyclic voltammetry that identifies the essential properties of the 
fabricated sensors. As a whole, the biosensors have fulfilled the basic requirements of giving out electrical 
responses and lengthened working life. It was found that HRP activated carbon biosensor electrode constantly 
gave out greater electrical signals, implying its high efficiency. The phenomenon is expected in nanobottle 
electrode. However, the performance of activated carbon sensors electrode deteriorated with time and usage. 
The performance of electrode was not enhanced with higher environmental temperature and the introduction of 
nitrogen to prevent oxidation. In general, the optimal applied potential ranges for HRP detection are 0.26V -
0.27V (Reduction) and 0.04V - 0.05V (Oxidation). 
As for glycerol biosensor, ATP is needed for the proper measurement of the electrode. For the glycerol 
nanobottle biosensor electrode, sharp peak was identified in an atypical pattern as two enzymes worked 
together. It was appealing that nanobottles electrode outperformed activated carbon electrode by direct 
comparison. 
The out looking of the final product has been designed in regard to a market survey conducted at the initial 
stage of the project. A sample circuit has also been built and it can be connected to the biosensor electrode to 
provide user-friendly readings. 
Some aspects of sensor development are not fully finished and they will be conducted in near future. Some 
further investigations and applications are also suggested to fully utilize the state-of-the-art nanobottle. 
In conclusion, the progress of nanobottle biosensor fabrication is satisfactory and fast-moving. The prototype is 
expected in one to two months. 
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