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Rapid and high-efficiency measurement of bacteria can help prevent 

foodborne diseases. In this research, a simple method was devised for detecting the 

total bacteria count in food samples, employing an integrated approach with chitosan-

coated magnetic nanoparticles for bacteria capture and a portable glucose meter 

(PGM) for detection readout. Magnetic nanoparticles (MNPs) were first synthesized 

using the co-precipitation of Fe2+ and Fe3+ in the presence of NH4OH. To increase 

nanoparticles stability, citric acid was added after MNPs formation. The MNPs are 

subsequently coated with chitosan polymer using two approaches: 1) electrostatic 

adsorption, resulting in MNPs-CH, and 2) chemical bonding, resulting in MNPs-

PDA-CH. Both MNPs-CH and MNPs-PDA-CH were characterized using various 

techniques such as ATR-FTIR, TEM, Zeta-potential, and EDX. After being coated 

with chitosan, the surface charge of MNPs changed from negative to positive, making 

them suitable for bacteria capture. Both MNPs-CH and MNPs-PDA-CH demonstrated 

strong capture capabilities for Escherichia coli and Staphylococcus aureus through 

electrostatic adsorption between the positively charged nanoparticles and the 

negatively charged bacteria. Subsequently, the captured bacteria could be detected 

using PGMs. The decrease in glucose consumption by bacteria was proportional to 

the concentration of bacteria, with a good linear range. This method demonstrates 

good detection performance for both gram-negative Escherichia coli and gram-

positive Staphylococcus aureus in dried seafood samples. The detection accuracy in 

real samples is 95%. By measuring the glucose consumption by bacteria, this method 

offers a simple and cost-effective means of detecting the total bacteria count in food 

and environmental samples. 
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CHAPTER 1 

INTRODUTION 

 

1.1 Background  

 The presence of bacterial contaminants in food poses a significant threat to 

human health as it can lead to the development of numerous diseases. It is considered 

as one of the most significant existing problems worldwide which those often 

encountered include: gram-negative and gram-positive bacteria (Agyarkwa et al., 

2022). Various techniques can be used for detection of bacteria, including the plate 

colony counting method (Clausen et al., 2018; Z. Li, Ma, Ruan, & Zhuang, 2019), as 

well as the multiplex polymerase chain reaction (PCR) assay (Q. Li, Xie, Wang, 

Aguilar, & Xu, 2021; Moffa et al., 2020), immunology-based methods (Kumar et al., 

2020) etc. The drawbacks of these methods include prolonged detection time, 

restricted access to specialized laboratory inspection facilities, and an inability to 

provide real-time and on-site bacterial detection. Therefore, a simple, rapid, sensitive, 

and reliable screening method is still required for effective disease prevention and 

treatment. 

 Recently, magnetic nanoparticles (MNPs), particularly magnetite nanoparticles 

(Fe3O4NPs) have been subjected of extensive research due to their superparamagnetic 

properties, biocompatibility, and low toxicity. MNPs are especially utilized in 

biosensor applications to separate and capture target biomolecules, such as biomarker 

proteins and bacteria. Subsequently, the signal can be detected using additional 

amplification methods such as colorimetry, fluorescence, immunosorbent assay 

(ELISA), positron emission tomography (PET) (Xu et al., 2018) and magnetic 

resonance imaging (MRI). The separation of bacteria with MNPs has been widely 

used in the enrichment of targeted bacteria in which the low concentrations of bacteria 

in the environment could be detected (Che, Xu, Wang, & Chen, 2017; Fang et al., 

2016; Z. Li et al., 2019; Meng, Li, Li, Xiong, & Xu, 2017). Electrostatic adsorption is 

the predominant method for separating bacteria using MNPs. Through this process, 

negatively charged bacteria adhere to positively charged nanocomposites via 

electrostatic interaction. Several studies have shown that MNPs modified with 
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cationic polymers can effectively separate a variety of bacteria. Increasing 

electrostatic interaction has been found to enhance bacteria enrichment (Clausen et al., 

2018; Xiao, Bai, Wang, Sun, & Xu, 2022; Zhang et al., 2022).  

For example, it was demonstrated that the positive charge of self-made core-shell 

Fe3O4@Polydopamine@Polyethyleneimine magnetic beads (Fe3O4@PDA@PEI 

MBs) can be utilized as adsorbents for the broad-spectrum separation of bacteria via 

the electrostatic interaction. The bacteria were then easily separated from the solution 

by applying an external magnetic field and subsequently detected using PCR and 

capillary electrophoresis (CE) techniques. 

Inspired by previous studies, our proposal aims to utilize chitosan, a 

polycationic biopolymer, to modify the surface of MNPs for capturing bacteria. 

Furthermore, we also aim to develop a novel approach for detecting bacteria by 

employing cationic-coated MNPs to separate and concentrate bacterial contamination 

in food samples, followed by detection using portable glucose meters (PGMs).  

Our focus lies in investigating the modification and application of MNPs for bacteria 

detection. Initially, MNPs are synthesized using the chemical co-precipitation method 

and subsequently modified with the positively charged polymer chitosan through two 

approaches: (1) electrostatic adsorption and (2) covalent bonding. We examined the 

effectiveness of separating both gram-negative and gram-positive bacteria using 

cationic-coated MNPs. Bacterial detection was assessed based on glucose 

consumption by captured bacteria using portable glucose meters (PGMs) as signal 

readers. This method enables simple, quantitative, and cost-effective detection of the 

total bacterial count in food samples. It is highly portable and facilitates on-site 

screening tests. 

 

 



 3 

 

Figure 1-1 The proposed portable glucose meters (PGMs) for bacteria detection. 

 

1.2 Objectives 

 To study the synthesis and modification of MNPs with chitosan  

 To study the detection of bacterial contamination in food samples, utilized a 

combination of chitosan-modified MNPs and portable glucose meters (PGMs) 

 

1.3 Contribution to knowledge 

 The newly developed assay has the ability to detect various bacterial species in 

food, water, and other samples, and its use permits quantitative diagnostics. 

 

1.4 Scope to study 

 1. Synthesis of MNPs via co-precipitation method. 

 2. Modification of MNPs with chitosan. 

 3. Characterization of chitosan modified-MNPs with various techniques. 

 4. Investigation of bacteria separation with chitosan modified-MNPs. 

 5. Examination of bacteria detection based on portable glucose meters 

(PGMs). 
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CHAPTER 2 

LITERATURE REVIEW 

 

2.1 Iron (III) oxide nanoparticles 

 Iron (III) oxide nanoparticles (IONPs) have gained significant attention in 

nanotechnology due to their superparamagnetic properties and biocompatibility. These 

inorganic nanomaterials are widely used and economical. IONPs find applications in 

various fields such as catalysts, thermite, pigments, and hemoglobin. Table 2-1 shows 

the summarization of the possible applications of IONPs (Ali et al., 2016). Magnetite 

(Fe3O4), maghemite (γ-Fe2O3), and hematite (α-Fe2O3) are three forms in nature of 

IONPs. The presence of iron cations in two valence states, Fe2+ and Fe3+, in the 

inverse spinel structure of magnetite (Figure 2-1) gives it the most fascinating 

properties (Kuchma, Kubrin, & Soldatov, 2018). 
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Table 1-1 The main fields where IONPs have been employed (Ali et al., 2016). 
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Figure 2-1 Possible crystal structures of the Iron Oxides Nanoparticles (IONPs). 

 

 IONPs with suitable surface chemistry can be prepared using various methods, 

such as sol-gel, hydrothermal, ultrasound irradiation, and chemical coprecipitation 

(Ali et al., 2016). Chemical synthesis methods are often preferred because they offer 

low cost and high yield. The most straightforward method of synthesizing MNPs with 

sizes ranging from 3 to 20 nm in diameter is chemical coprecipitation. In this method, 

magnetite is synthesized by adding a base solution such as ammonium hydroxide 

(NH4OH) to an aqueous mixture of ferric (Fe2+) and ferrous (Fe3+) ions chloride at a 

1:2 molar ratio, resulting in a black color. Equation 1 represents the chemical reaction 

of MNPs precipitation. 

 

  Fe2+ + 2Fe3+ + 8OH   Fe3O4 + 4H2O   (1) 

 

 MNPs can be completely precipitated under an oxygen-free environment at a 

pH between 9 and 14, with a Fe3+: Fe2+ molar ratio of 2:1. Otherwise, might also be 

oxidized of MNPs as 

 

  Fe3O4 + 0.25O2 + 4.5H2O  3Fe(OH)3+  (2) 

 

MNPs are typically coated with stabilizer molecules to prevent oxidation and 

agglomeration. It is necessary to synthesize them in an oxygen-free environment, 
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preferably with N2 or Ar2 gas present. The gas not only prevents oxidation of MNPs, 

but also helps to reduce their size. 

 Magnetization curves of MNPs show in Figure 2-2 (Davodi, Jahangiri, & 

Ghorbani, 2018). Symmetric hysteresis and saturation magnetization can be observed 

exhibiting typical superparamagnetic behavior. The digital images captured the 

behavior of MNPs in an aquatic dispersion and during magnetic isolation. When 

exposed to an external magnetic field, the particles were quickly separated and could 

be easily re-dispersed with a gentle shake once the field was removed. This 

characteristic simplifies the collection, regeneration, and reuse of the particles. 

 

 

Figure 3-2 Magnetization curves of (a) MNPs and (b) MNPs@PDA   

                  (Davodi et al., 2018) 

 

2.2 Polydopamine  

 Polydopamine (PDA), a synthetic version of the adhesive foot protein found in 

marine mussels, can efficiently modify a wide range of surfaces, both organic and 

inorganic, including noble metals, metals with native oxide surfaces, semiconductors, 

ceramics, and more. The self-polymerization of dopamine (DA) induced by oxidants, 

as illustrated in Figure 2-3, offers several advantages for surface functionalization, 

including the use of simple ingredients, mild reaction conditions, and a one-step 

process at room temperature (Salazar, 2016). Using PDA as an immobilization matrix 

offers an additional significant advantage: the covalent bonding created is relatively 

Figure 2-2 
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stable. This contrasts with commonly used immobilization agents like  

N-hydroxysuccinimide (NHS) or maleimide agents, which can be less stable. 

 Moreover, the PDA layer has the potential to function as a versatile platform 

for secondary reactions. The metal-binding properties of both the catechol and 

nitrogen-containing groups present in the PDA structure can be utilized to achieve 

uniform, continuous, compact, and adhesive deposition of metal coatings on various 

substrates through electroless plating techniques, as demonstrated in Figure 2-4 

(Davodi et al., 2018). 

 

 

 

Figure 4-3 (a) The initial stages of the formation of polydopamine and (b) Molecular   

                   structures of polydopamine. 

 

 

 

 

 

 

Figure 2-3 
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Figure 5-4 The immobilization of biomolecules with thiol (a) and amino (b) groups  

                   by Michael addition and Schiff base reaction.  

 

2.3 Cationic polymer 

 Cationic polymers are widely used in various fields for their ability to carry a 

positive charge, which allows them to interact with negatively charged molecules 

such as DNA, RNA, and proteins. They are commonly used in gene therapy and drug 

delivery systems as they can condense nucleic acids and protect them from 

degradation in the bloodstream. They are also used in water treatment processes to 

remove impurities in the paper industry to improve the strength and stability of paper 

products. Additionally, cationic polymers have applications studied and utilized for 

bacterial capture due to their positive charge, which can attract and bind to the 

negatively charged bacterial cell surface. These polymers can form complexes with 

bacteria, leading to their precipitation or aggregation, making it easier to separate the 

bacterial cells from a sample. Additionally, cationic polymers can be functionalized 

with other groups, such as chitosan or peptides, to enhance their antibacterial activity 

or selectivity towards specific bacterial strains. Overall, cationic polymers show 

promise as a tool for bacterial capture and purification in various applications, such as 

water treatment and medical diagnostics.  

 Chitosan, a polysaccharide, has received special attention due to its natural 

amino polymer composition, which consists of N-acetyl glucosamine and  

D-glucosamine randomly distributed. This polymer has various properties, such as 

Figure 2-4 
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biocompatibility, non-toxicity, degradability, antibacterial activity, antioxidant effect, 

and adhesion properties, which make it suitable for various applications. The 

solubility of chitosan is pH-dependent, with a response similar to that of weak acids, 

as depicted in Figure 2-5. 

 

 

Figure 6-5 Illustration of chitosan versatility. 

 

2.4 Literature review of polydopamine modified iron (III) oxide 

nanoparticles  

 In 2016, Mr´owczy´nski, R., et al. showed that MNP1 was synthesized using 

the co-precipitation method. Then, polydopamine was coated onto the surface of the 

nanoparticles by oxidative polymerization of dopamine under basic conditions as 

shown in Figure 2-6. Furthermore, it is possible to load the anticancer drug 

doxorubicin onto MNP1 using Michael addition and Schiff base reaction. 

 

 

 

Figure 7-6 The synthesis of magnetic nanoparticles covered with PDA and loaded  

                    with doxorubicin (red molecule) (Mrówczyński et al., 2016). 

 

Figure 2-5 

Figure 2-6 
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 In 2018, Oroujeni, M., et al. demonstrated that magnetic nanoparticles' surface 

could be functionalized with PDA for immobilizing β-CD ligands. The Fe3O4 

nanoparticles were coated with polydopamine by oxidation polymerization of 

dopamine monomer to produce quinone groups. The addition of 6-thio-β-CD to the 

quinoid structure of polydopamine via a Michael-type addition reaction led to the 

covalent attachment of the thiol ligands. 

 

 

Figure 8-7 Reaction steps for the preparation of β-CD-functionalized magnetic  

                     nanoparticles (β-CD-PDA-MNPs) 

                     (Oroujeni, Kaboudin, Xia, Jönsson, & Ossipov, 2018). 

 

2.5 Literature review of iron (III) oxide nanoparticles for bacteria 

separation 

 In 2016, Augustine, R. et al. showed that biomolecules such as antibodies, 

carbohydrates, antibiotics, and binding proteins that are specific to pathogens can be 

conjugated with IONPs. These IONPs can then be utilized to quickly separate 

microbes by taking advantage of ligand-receptor interactions. The IONPs are 

combined with appropriate bacterial ligands or functional groups that have a high 

affinity for the bacteria, creating a link between the two. Under an external magnetic 

field, magnetic dipole interactions between the nanoparticles cause them to aggregate, 

leading to the binding of bacteria to the IONPs and the formation of bacterium 

nanoconjugates. This causes them to move towards the magnetic field, as illustrated in 

Figure 2-8. The magnetically attached bacterium nanoconjugates can be removed and 

decontaminated using suitable sterilization techniques. 

 

Figure 2-7 
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Figure 9-8 The magnetic nanoparticle-based separation of bacteria from a contaminated  

                      solution (Augustine, Abraham, Kalarikkal, & Thomas, 2016). 

 

 In 2016, Fang, W., et al. Presented the use of two types of amine-

functionalized IONPs to produce IONPs capable of effectively capturing pathogenic 

bacteria. The amine-functionalized IONPs possess a positively charged surface that 

interacts strongly with the negatively charged bacterial cell wall through electrostatic 

attraction, indicating their powerful adsorption capability for pathogenic bacteria in 

circulation. The study showed that Fe3O4@sSiO2-PEI (PEI-MNPs) nanoparticles have 

three times higher bacteria-binding capability than Fe3O4@sSiO2-NH2 (NH-MNPs) 

nanoparticles, making them a promising solution for practical applications as depicted 

in Figure 2-9. 

 

 

 

 

Figure 2-8 
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Figure 10-9 Schematic representation of Fe3O4@sSiO2-PEI (PEI-MNPs) 

                   nanoparticles modification and Fe3O4@sSiO2-NH2 (NH-MNPs)  

                   nanoparticles catch pathogenic bacteria (Fang et al., 2016). 

 

 In 2019, Li et al. In this research, demonstrated a general procedure for 

capturing bacteria with IONPs. This involved mixing the positively charged (NP+) and 

the negatively charged (NP-) nanoparticles with a bacterial solution, followed by 

incubation at room temperature. The resulting magnetized bacteria, formed through 

the binding of magnetic nanoparticles to the cell surface, were captured and separated 

using a permanent magnet, as shown in the schematic in Figure 2-10. The use of NP+ 

provided sufficient electrostatic responsiveness for the rapid enrichment of E. coli, 

whereas the NP- did not allow for bacteria removal. 

 

 

Figure 11-10 Illustration depicts the steps involved in the capture of bacteria with NP+  

                     and NP- (Z. Li et al., 2019). 

 

Figure 2-9 

Figure 2-10 
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 In 2022, Zhang, Y., et al. In this research, employed Fe3O4@PDA@PEI 

magnetic beads to concentrate E. coli and Bacillus subtilis. The results showed that 

the MBs-bacterial conjugate method was effective in capturing and enriching the 

bacteria, enabling efficient separation and reuse of the sample. The captured bacteria 

were then detected using the ATP-BL method. The results showed that the enrichment 

with MBs could significantly enhance the ATP fluorescence detection effect. 

 

 

Figure 12-11 Schematic representation of enrichment and detection of bacteria using  

                     Fe3O4@PDA@PEI MBs (Zhang et al., 2022). 

 

2.6 Detection of bacteria using PGM-based method. 

 PGM is widely available in the market and used to help patients measure their 

blood glucose concentrations due to its compact size, low cost, simple operation, and 

reliable quantitative results. Although the original purpose of PGM is to measure the 

concentration of glucose in blood, much research has demonstrated that it can be used 

to detect a broad range of targets, including organic molecules, proteins, and bacteria, 

etc. The glucose generated in the reaction can be quantified using PGMs, which can 

then be associated with the concentration of the target. PGM and magnetic 

nanoparticles (MNPs) have been extensively utilized for the detection of bacteria. 

Specifically, magnetic particles have been employed for their efficiency in isolating 

and purifying bacteria from complex biological samples. The isolated bacteria were 

then detected using PGM, wherein invertases, a group of enzymes that catalyze the 

hydrolysis of sucrose to produce glucose, were utilized. The glucose concentration 

Figure 2-11 
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was detected through PGM, and the concentration of bacteria was ultimately 

determined.  

 In 2013, Joo, J., et al. developed the detection of Salmonella bacteria in milk 

using a glucose meter (PGM) and monoclonal antibody functionalized MNPs 

(MNCs). The MNCs were used to capture Salmonella bacteria in milk and MNC–

Salmonella complexes were magnetically separated from the sample using a 

permanent magnet. Subsequently, the complex was linked with the functional 

invertase of a polyclonal antibody, which facilitated the hydrolysis of sucrose to 

glucose. The glucose was then quantified using PGM, as shown in the schematic in 

Figure 2-12.  

 

 

 

Figure 13-12 Schematic of the detection of Salmonella bacteria experimental    

                        procedure using a PGM (Joo et al., 2013). 

 

 As an alternative approach, since bacteria prefer glucose as their carbon 

source, the hypothesis is that the bacteria can consume the glucose, and the resulting 

change in glucose concentration can be monitored using a PGM. 

 In 2014, Chavali, R., et al. demonstrated the detection of E. coli in drinking 

water using PGM-based method. The detection of E. coli was achieved by monitoring 

the consumption of glucose by E. coli. The result showed that the drop in glucose 

levels for certain concentrations of E. coli is presented shown in Figure 2-13. 

However, this method still falls short in complying with the regulations of 

environmental protection agencies, which require a volume of 100 mL for testing 

water samples.  

 

Figure 2-12 
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Figure 14-13 Schematic representation of the detection process: (a) Initial readings of  

                     the mixture taken immediately after the addition of glucose (T = 0 h) (b)  

                     readings taken after ‘T’ hours depending on the level of contamination of  

                     the water samples (Chavali, Kumar Gunda, Naicker, & Mitra, 2014). 

 

 In 2017, Ye, L., et al. introduced a new technique for detecting C. sakazakii 

using a personal glucose meter (PGM) as the readout, which is low-cost, simple, and 

widely available. The detection method involved using silica nanoparticles coated 

with antibodies and glucose oxidase (SiNP-GOX-IgG) and silica-coated magnetic 

nanoparticles functionalized with antibodies (MNP-IgG). The MNP-IgG was used to 

isolate C. sakazakii from the samples while the SiNP-GOX-IgG was used as a trace 

tag for detection, where glucose would be hydrolyzed. The concentration change of 

glucose was measured using a commercial PGM. 

 

Figure 2-13 
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Figure 15-14 Schematic of the detection procedure for C. sakazakii using SiNP-GOX- 

                          IgG, MNP-IgG typical sandwich feature and PGM (Ye, Zhao, & Dou, 2017) . 

 

 In 2018, Kwona, D., et al. utilized the idea of glucose being consumed by 

bacterial metabolism to detect enrofloxacin in water and milk. The detection 

procedure involved mixing the test sample with Escherichia coli (E. coli) in lysogeny 

broth (LB) and glucose. The amount of glucose consumed by bacterial metabolism 

was measured using PGM, resulting in a sensitive, quantitative, and portable detection 

method. Moreover, the change in glucose concentration could be determined 

qualitatively by the naked eye using glucose test strips, allowing for high-throughput 

screening. 

 

 

Figure 16-15 The process of enrofloxacin detection in a test sample solution containing  

                        glucose and E. coli, using either a personal glucose meter or glucose paper  

                        test strips (Kwon et al., 2018). 

 

 

 

 

Figure 2-15 

Figure 2-14 
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CHAPTER 3 

EXPERIMENTALS 

 

3.1 Materials 

1. 28%w/v Ammonia solution; NH3OH, MW: 35.05 g/mol, CAS: 1336-21-6 

(QREC, New Zealand) 

2. Iron (II) chloride tetrahydrate; FeCl2 • 4H2O, MW: 198.81 g/mol, CAS: 

13478-10-9 (Sigma-Aldrich, USA) 

3. Iron (III) chloride tetrahydrate; FeCl3 • 6H2O, MW: 270.30 g/mol, CAS: 

13478-10-9 (Sigma-Aldrich, USA) 

4. Phosphate buffer saline; PBS (Sigma-Aldrich, USA)  

5. Dopamine hydrochloride; (HO)2C8H7NH2 • HCl, MW: 189.64 g/mol, 

CAS: 62-31-7 (Sigma-Aldrich, USA) 

6. Tris (hydroxymethyl) aminomethane; NH2C(CH2OH)3 (Tris-HCl), MW: 

121.14 g/mol, CAS: 77-86-1 (OmniPur®, Germany) 

7. Chitosan (poly-D-glucosamine), medium molecular weight, CAS: 9012-

76-4 (Sigma-Aldrich, USA) 

8. Acetic acid; CH3COOH, MW: 60.05 g/mol CAS: 64-19-7 (QReC™, New 

Zealand) 

9. D(+)-Glucose anhydrous; C6H12O6, MW: 180.66g/mol CAS: 50-99-7 

(KemAus, Australia) 

10. Luria Bertani Broth, Miller, CAS: M1245 (Himedia™ / India) 

11. Sodium chloride 99.5%; NaCl, MW: 58.44g/mol CAS: 7647-14-5 

(MERCK™, Germany) 

12. Citric Acid Anhydrous 99.5%; C6H8O7, MW: 192.13g/mol CAS: 77-92-9  

(QReC™, New Zealand) 
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3.2 Bacteria and culture conditions 

1. Escherichia coli (E. coli) ATCC25922 was supported by Dr. Yothin 

Teethasong from the Faculty of Allied Health Sciences, Burapha 

University 

2. Staphylococcus aureus (S. aures) ATCC29213 was provided by Dr. Yothin 

Teethasong from the Faculty of Allied Health Sciences, Burapha 

University 

 

3.3 Instrument 

1. pH meter 

2. Oven, model OF-01E 

3. Micropipette, model Research plus, Eppendorf 

4. Ultrasonic bath, model ELMA S30H 

5. Vortex shaker, model Vortex-Genie 2 Shaker 

6. Glass reactor (500 mL), Schott Duran 

7. Hotplate with stirrer, model C-MAGHS7, IKA 

8. Mechanical stirrer, model RW 20 digitals, IKA 

9. Balance, model ML204/01, Mettler Toledo 

10. A tten A ttenuated Total R eflectance Fourier Transform  Infrared 

Spectrometer (ATR-FTIR), PerkinElmer -Frontier 

11.  Transmission electron microscopy (TEM), Philips Tecnai 20 

12. Scanning Electron Microscope (SEM), LEO 1450 VP 

13. Zetasizer Nano-ZS, Malvern 3600 

14.  Portable glucose meters (PGMs), Accu-Chek Active 

15. Spectrophotometric, Analytikjena, Specord 210 plus, Germany 

16. Microplate reader, SpectraMAX M2, Molecular Devices 

  

 

 

 

 

 



 20 

3.4 Experimental section 

3.4.1 Synthesis of magnetite nanoparticle (MNPs) 

M agnetite nanoparticles (M NPs) were prepared by the chem ical co-

precipitation method, in accordance with previously published literature  (Sadsri, V., 

Trakulsujaritchok, T., Tangwattanachuleeporn, M., Hoven, V. P., & Na Nongkhai, P., 

2020). A solution of ferric and ferrous salts was prepared by dissolving FeCl3·6H2O 

(1M, 1.7880g) and FeCl2·4H2O (2M, 0.6840g) in 60 mL of deionized water, followed 

by sonication for 10 minutes. Subsequently, the mixed solution was added to a three-

neck flask under a N2 gas atmosphere, and the flask was heated to 60°C with high-

speed stirring (750 rpm) for 30 minutes. A total of 36 mL of 28% (w/v) ammonia 

solution was slowly added to the solution, and the mixture was stirred for 2 hours. 

During this process, the color of the solution changed from yellow orange to black, 

indicating the formation of magnetite nanoparticles (MNPs). In order to stabilize the 

MNPs, citric acid (0.1M) was added and allowed to react for 1 hour. The mixture was 

then cooled down to room temperature. The citric stabilized-MNPs were thoroughly 

washed multiple times with deionized water to eliminate any remaining unreacted 

chemicals, continuing until a neutral pH was achieved. The citric stabilized-MNPs 

were then redispersed in deionized water and stored at room temperature until they 

were used.  

 

Fe2+(aq) + 2Fe3+(aq) + 8OH-(aq)   Fe3O4(s) + 4H2O  (1) 
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3.4.2 For electrostatic adsorption 

3.4.2.1 Preparation of Chitosan modified MNPs (MNPs-CH) 

 

  

 Chitosan modified MNPs were prepared with electrostatic interaction between 

the positively charged chitosan and the negatively charged citric stabilized MNPs. The 

100 mg of obtained citric stabilized-MNPs from section 3.3.1 was washed with PBS 

buffer (20 mM, pH 7.4) and redispersed in 20 mL of PBS buffer (20 mM, pH 7.4). 

The chitosan solution was prepared by dissolving chitosan with different amounts 

(12.5, 25, and 50 mg) in 20 mL of 2% acetic acid and stirred overnight at room 

temperature. The chitosan solutions were added to the mixture MNPs dispersion and 

agitated with shaker at 300 rpm for 4, 8, and 16 hours. The resulting MNPs-CH were 

washed with deionized (DI) water and separated from the solution using a magnet . 

Finally, the MNPs-CH were resuspended in DI water and stored at room temperature. 
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3.4.3 For covalent adsorption 

 3.4.3.1 Synthesis of polydopamine coated MNPs (MNPs-PDA) 

 

 

The MNPs were modified with dopamine using the following procedure: First, 

125 mg of citric stabilized-MNPs were washed with Tris-HCl buffer solution (50 mM, 

pH 8.5) for 2-3 cycles. Then, 20 mg of dopamine monomer was dissolved in 10 mL of 

Tris-HCl buffer and added to the citric stabilized-MNPs. The reaction was incubated 

at room temperature with constant shaking conditions for 1, 4, 8, 16 and 24 hours. 

The products were then washed with distilled water for 5 cycles. The MNPs-PDA 

were then redispersed in deionized water and stored at room temperature until they 

were used.  
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 3.4.3.2 Preparation of Chitosan modified MNPs-PDA (MNPs-PDA-CH) 

 

 

Chitosan modified MNPs-PDA were prepared with covalent bond between the 

quinone group of PDA and the amino groups of chitosan via Shift based reaction and 

Michael addition. The 100 mg of obtained MNPs-PDA from section 3.3.2 was washed 

with PBS buffer (20 mM, pH 7.4) and redispersed in 20 mL of PBS buffer (20 mM, 

pH 7.4). The chitosan solution was prepared by dissolving chitosan with different 

amounts (12.5, 25, and 50 mg) in 20 mL of 2% acetic acid and stirred overnight at 

room temperature. The chitosan solutions were added to the mixture MNPs-PDA 

dispersion and agitated with shaker at 300 rpm for 4, 8, and 16 hours. The resulting 

MNPs-PDA-CH were washed with deionized (DI) water and separated from the 

solution using a magnet. Finally, the MNPs-PDA-CH were resuspended in DI water 

and stored at room temperature. 
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3.4.4 Examination of bacterial separation 

 3.4.4.1 Bacterial culture 

 The E. coli and S. aures bacteria were cultured in Nutrient Broth 

medium  at 37°C for 16 h. The optical density (OD) was m easured by a UV 

spectrometer to estimate bacterial concentration. Each experiment was conducted 

using fresh E. coli and S. aures at OD = 2.0 at a wavelength of 600 nm. 

 

 3.4.4.2 Separation of bacteria with MNPs-PDA-CH and MNPs-CH 

 E. coli (Gram-negative bacteria) and S. aures (Gram-positive bacteria 

bacteria) were selected in this experiment 1.0 mL of bacterial suspension in PBS 

buffer pH 5.0 and 7.4 (OD = 2.0) was mixed with magnetic nanoparticles 1 mg of 

MNPs-PDA-CH and MNPs-CH and incubated at room temperature for 30 minutes 

under gentle shaking. When the designated time elapses, the particles are separated 

from the solution using a strong magnetic field. The separated solution was then 

measured for OD at a wavelength of 600 nm. Calculate the %Bacteria capture value 

from equation 2. 

 

  % Bacteria capture = 
C0-Ce

C0
 ×100    ( 2 )

  C0 is the OD of bacteria suspension before capturing  

 Ce is the OD of bacteria suspension after capturing 

 

3.4.5 Detection of bacteria using magnetic nanoparticles in combination with 

a glucometer 

3.4.5.1 Preparation of Escherichia coli ATCC 25922 

 E. coli was transferred from glycerol into stock Luria-Bertani (LB) 

Broth and subsequently incubated at 37 C for 24 hours to increase the number of 

bacteria. The cells were centrifuged at 10,000 rpm for 10 minutes, after which the 

supernatant was removed, and the cells were washed once with PBS buffer (10 mM, 

pH 5.0). Afterwards, the cells were carefully transferred into a test tube and adjusted 

until the turbidity reached a McFarland value of 0.5. 

 



 25 

3.4.5.2 Preparation of Staphylococcus aureus ATCC 29213 

 S.aureus was cultured from glycerol stock into Luria-Bertani (LB) 

Broth and subsequently incubated at 37 C for 24 hours to increase the number of 

bacteria. The cells were centrifuged at 10,000 rpm for 10 minutes, after which the 

supernatant was removed, and the cells were washed once with PBS buffer (10 mM, 

pH 5.0). Afterwards, the cells were carefully transferred into a test tube and adjusted 

until the turbidity reached a McFarland value of 0.5. 

 

3.4.5.3 Detection procedure 

 The captured bacteria were detected using portable glucose meters 

(PGMs) based on the concept of monitoring the glucose consumption by bacteria. If 

bacteria are present in the sample, they will consume glucose, resulting in a detectable 

change in glucose concentration that can be measured by the PGM. The captured 

bacteria were detected using portable glucose meters (PGMs) based on the concept of 

monitoring the glucose consumption by bacteria. If bacteria are present in the sample, 

they will consume glucose, resulting in a detectable change in glucose concentration 

that can be measured by the PGM. The 5.0 mL of bacterial samples (McFarland = 0.5, 

~1.5×108 CFU/mL) was mixed with chitosan modified-MNPs and incubated at room 

temperature under gentle shaking for 30 minutes. The chitosan modified-MNPs-

bacteria complex was separated magnetically, and the clear supernatant was 

discarded. The complex was then washed with PBS to remove unbound bacteria. 

Then 100 µL of Luria-Bertani broth (LB) and 1%w/v glucose were added to 10 µL. 

The mixture was incubated with shaking at 37 °C. The solution was dropped onto the 

PGM strip, and the glucose concentration was gauged by tracking the variation in 

glucose levels within the solution at various intervals . Compared to conditions 

without bacteria (control), calculate the percentage of glucose consumption (%ΔC) 

from the equation 3. 
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    %ΔC = 
(C0-Ce)

C0
 ×100     (3) 

 C0 is the initial concentration of glucose in the reaction solution 

(mg/dL) 

 Ce is the remaining concentration of glucose in the reaction solution at 

a specific time interval (mg/dL) 

 

 

Figure 17-1 Illustrates the steps in measuring bacteria using a glucose meter.  

  

3.4.6 Detection of bacteria in dried seafood 

 Dried shrimp and dried squid were purchased from Nong Mon Market in 

Chonburi, Thailand. Ten grams of the dried samples were soaked in 10 mL of PBS 

buffer (10 mM, pH 5.0). The solution of the sample was detected by plate culture 

method. The same sample solution was also analyzed using our method with 

procedures similar to those described above. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3-1 
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CHAPTER 4 

RESULTS AND DISCUSSION 

 

4.1 Synthesis of magnetic nanoparticle (MNPs) 

 Magnetic nanoparticles were synthesized using the co-precipitation method of 

two types of iron ions, Fe2+ and Fe3+, under a nitrogen atmosphere and using 

ammonium hydroxide (NH4OH, 28%) as a precipitating agent. The stability of the 

magnetic nanoparticles was then stabilized with citric acid. The reaction equation of 

MNPs is as follows:  

     

 Fe2+(aq) + 2Fe3+(aq) + 8OH-(aq)   Fe3O4(s) + 4H2O(l)  (2) 

  

ATR-FTIR spectrum of MNPs showed a characteristic absorption peak located 

at 539 cm−1 which belongs to Fe-O bond in MNPs. Moreover, the absorption peak 

located at 1597 cm−1 and 1370 cm−1 are formed by the asymmetric and symmetric C-

O stretching of COO- group in citric acid, respectively (Figure 4-1). The TEM image 

shows the morphology and size of MNPs. It was shown that the MNPs had a spherical 

shape and range approximately in size of 15-20 nm (Figure 4-2). The obtained MNPs 

exhibited magnetic properties, allowing them to be readily separated from the solution 

by induction using an external magnetic field within 40 seconds (Figure 4-3). From 

the results of the analysis of the composition and quantity of elements on the MNPs 

using the Energy Dispersive X-ray spectroscopy (EDX) technique, it was found that 

the M N Ps consisted of the elem ents Fe (42.48%  A t) and O  (38.28%  A t), 

corresponding to the iron oxide nanoparticles. Moreover, the C elements (19.24%At) 

from citric acid were also detected, confirming the successful stabilization of MNPs 

by citric acid. 
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Figure 18-1 ATR-FTIR spectra of citric-stabilized MNPs. 

 

 

Figure 19-2 TEM image of MNPs-Citric 

 

 

Figure 20-3 Magnetic properties image of MNPs-Citric  

 

Figure 4-1 

Figure 4-2  

Figure 4-3    
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Figure 21-4 EDX analysis of MNPs-Citric  

 

4.2 Preparation of Chitosan modified MNPs (MNPs-CH) via electrostatic 

adsorption method 

 To enhance the positive charge of the MNPs surface, The MNPs were then 

modified with chitosan. This modification was achieved through electrostatic 

interaction between the negative charged citric acid and the positive charge of 

chitosan (Figure 4-5). 

 

 

Figure 22-5 Illustrates the preparation of chitosan-modified MNPs (MNPs-CH) 

Figure 4-4  

Figure 4-5  
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   ATR-FTIR spectrum of MNPs-CH (Figure 4-6) with various concentrations of 

chitosan demonstrated the characteristic absorption peak located at 539 cm −1, 

belonging to Fe-O bond in MNPs. The peaks at 1066 cm−1 exhibited the characteristic 

of chitosan corresponding to C-O-C stretching vibration of the polysaccharide. Based 

on this observation, it can be concluded that chitosan was anchored on the surface of 

MNPs. 

 

 

Figure 23-6 ATR-FTIR spectra of MNPs-Citric modified with chitosan 

                   

Figure 4-7 shows the TEM images of MNPs-CH with various concentrations 

of chitosan. It was found that M NPs-CH appeared to form larger clusters of 

nanoparticles compared to MNPs-citric (Figure 4-2). The hydrodynamic diameter 

obtained from DLS technique also confirmed the increase of nanoparticles size after 

chitosan modification corresponding to the TEM images (Figure 4-8).  

 

Figure 4-6  
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Figure 24-7 TEM image of (a) MNPs-Citric, (b) MNPs-CH 62.5 mg , (c) MNPs-CH  

                   125 mg and (d) MNPs-CH 250 mg 

 

Figure 4-7   
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Figure 25-8 Hydrodynamic diameter of MNPs-Citric and MNPs-CH with various  

                    concentrations of chitosan. The data were expressed as mean ± SD. 

 

 The zeta potential of the M NPs-citric changed from  a negative value  

(-4.7 mV) to a positive value after coating with chitosan (Figure 4-9). This result 

indicated that the surface of MNPs was successfully covered with positively charged 

chitosan. When considering the effect of chitosan concentration, it was found that the 

positive value trended to increase with increasing chitosan concentration from 62.5 to 

250 mg. However, when the concentration of chitosan was higher than 125 mg, the 

positive value did not change significantly. 

 

 

Figure 26-9 Zeta potential analysis of MNPs-Citric and MNPs-CH with various  

                   concentrations of chitosan. 

Figure 4-8   

Figure 4-9    
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 Figure 4-10 shows the magnetic properties of MNPs-CH with various 

concentrations of chitosan, 62.5, 125, and 250 mg, respectively. They were induced 

using an external magnetic field within 30, 42, and 46 seconds, respectively. This 

indicates effective and rapid magnetic properties. 

 

 

Figure 27-10 Magnetic properties image of (a) MNPs-CH 62.5 mg, (b) MNPs-CH 125 mg   

                      and (c) MNPs-CH 250 mg. 

Figure 4-10 
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4.3 Preparation of Chitosan modified MNPs (MNPs-PDA-CH) via covalent 

adsorption method 

 4.3.1 Synthesis of polydopamine coated MNPs (MNPs-PDA) 

 The MNPs were first modified with polydopamine via the oxidative 

polymerization of dopamine monomer to provide active functional groups, such as 

quinone, for the covalent anchoring of chitosan on the surface of MNPs (Figure 4-11). 

 

 

Figure 28-11  Illustrates the preparation of polydopamine-modified MNPs (MNPs-PDA) 

  

 Figure 4-12 showed the ATR-FTIR spectrum of MNPs-PDA. The new peaks 

located at 1284 and 1472 cm−1 exhibited the characteristics of PDA corresponding to 

the stretching vibrations of the C-N and the aromatic C=C, respectively (Lamaoui, 

2021). These results indicated that the surface of MNPs has been successfully 

modified with PDA, enabling the covalent anchoring of chitosan on their surface via 

Shift based reaction and Michael addition in subsequent steps. 

 

Figure 4-11  
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Figure 29-12 ATR-FTIR spectra of MNPs-citric and MNPs-PDA 

 

 The effect of polymerization time of dopamine monomer was evaluated. The 

ATR-FTIR spectrum (Figure 4-13) showed that the intensity of peaks at 1288 and 

1472 cm−1 increased with increasing polymerization time. This result indicates that 

the polymerization of dopamine is dependent on the duration of polymerization. 

 

 

Figure 4-12   
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Figure 30-13 ATR-FTIR spectra of polymerization time 1 to 24 hours of dopamine  

                    monomer. 
 

The result from zeta potential analysis revealed that the charge value shifted 

from a negative (-7.1 mV) to a positive value (+9.6 mV) when the polymerization 

time ranged from 1 to 4 hours (Figure 4-15). This observation suggests that during 

this time (1-4 h), dopamine monomers are covalently bound to the surface of MNPs 

through a chelating bidentate interaction of catechol groups with the Fe atom. 

Consequently, the surface of MNPs primarily comprises amino groups of dopamine. 

However, prolonged polymerization times (16-24 h) induces a structural transition of 

dopamine into polydopamine, as evidenced by the zeta potential shift from positive 

amino groups to negative dihydroxy indole and quinone groups. This result indicated 

that the suitable polymerization time was longer than 16 h. 

 

Figure 4-13     
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Figure 31-14 Zeta potential of MNPs-PDA with difference polymerization time 

 

 Figures 4-15 and 4-16 showed the TEM image and particles size of MNPs-

PDA. MNPs-PDA formed clusters of nanoparticles with a cluster size ranging from 

200 to 500 nm. Additionally, the hydrodynamic diameter obtained from DLS 

measurements also indicated that the size of MNPs-PDA ranged from 200 to 300 nm 

when the polymerization time ranged from 16 to 24 hours. 

 

 

 

Figure 32-15 TEM image of MNPs-PDA 16 hours 

 

Figure 4-15   

Figure 4-14   
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Figure 33-16 Hydrodynamic diameter of MNPs-PDA with difference polymerization time.   

                       The data were expressed as mean ± SD 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-16   



 39 

4.3.2 Preparation of Chitosan modified MNPs-PDA (MNPs-PDA-CH) 

  The MNPs-PDA were subsequently modified with chitosan. This 

modification was achieved through the formation of a covalent bond between the 

quinone group of PDA and the amino groups of chitosan via a Shift-based reaction 

and Michael addition, as illustrated in Figure 4-17. 

 

 

Figure 34-17 Illustrates the preparation of chitosan -modified MNPs-PDA  

                     (MNPs-PDA-CH) 

 

 Figure 4-18 displays the ATR-FTIR spectrum of MNPs-PDA-CH with various 

concentrations of chitosan. A new peak at 1066 cm−1, corresponding to the C-O-C 

stretching vibration of the polysaccharide backbone in chitosan, was observed. This 

observation leads to the conclusion that chitosan is indeed anchored on the surface of 

MNPs-PDA 

 

Figure 4-17   
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Figure 35-18 ATR-FTIR spectra of MNPs-PDA-CH 

 

The alteration in the surface charge of MNPs-PDA due to chitosan coating was 

analyzed by measuring the zeta potential of each type of MNP-PDA-CH (Figure 4-

19). The surface charges of MNPs-PDA changed from -7.6 mV to +12.1 mV, 

indicating that the negative charge of MNPs-PDA was reduced by the presence of 

chitosan. These results suggest that positively charged molecules such as chitosan can 

reduce the negative charge on the surface of MNPs-PDA. 

 

 

Figure 36-19 Zeta potential analysis of optimum concentration with chitosan Figure 4-19    

Figure 4-18   
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Figure 4-20 shows the TEM  images of M NPs-PDA-CH with various 

concentrations of chitosan. It was observed that MNPs-PDA-CH formed clusters of 

nanoparticles. However, the size of the clusters appeared to decrease with increasing 

chitosan concentration. This finding is consistent with the DLS measurements (Figure 

4-21).   

 

 

Figure 37-20 TEM image of (a) MNPs-PDA-CH 62.5 mg, (b) MNPs-PDA-CH 125 mg  

                     and (c) MNPs-PDA-CH 250 mg 

 

Figure 4-20   
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Figure 38-21 Hydrodynamic diameter of optimum concentration. 

 

4.4. Isoelectric Point Determination of MNPs-CH and MNPs-PDA-CH 

  The zeta potential of MNPs-CH and MNPs-PDA-CH was measured 

across various pH solutions, ranging from 3 to 9 (Figure 4-22). Both MNPs-CH and 

MNPs-PDA-CH exhibited an isoelectric point (IEP) around pH ≈ 5.5. Below this pH, 

the amino groups on their surfaces were protonated, resulting in a positive charge. 

Conversely, as the pH exceeded the IEP, the charge became negative. The introduction 

of chitosan led to MNPs-CH and MNPs-PDA-CH carrying positive charges at pH 

levels below 5.5. These findings illustrate chitosan's effective role in modifying MNPs 

to confer positive charge properties. Thus, the MNPs-CH and MNPs-PDA-CH are 

suitable for use as materials for bacteria capture, as the negatively charged bacterial 

membrane can interact with the positively charged chitosan on the surface of MNPs-

CH and MNPs-PDA-CH. 

 

Figure 4-21   
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Figure 39-22 Isoelectric point of MNPs-CH and MNPs-PDA-CH 

 

4.5 The study of bacteria separation 

 In the following work, the separation of bacteria with MNPs-CH and MNPs-

PDA-CH was evaluated. E. coli (Gram-negative bacteria) and S. aures (Gram-positive 

bacteria bacteria) were selected in this experiment. 

 Figure 4-23 shows the effect of pH on the separation efficiency. It was 

observed that at pH 5.0, a high separation efficiency was achieved for both types of 

bacteria, while at pH 7.4, a very low separation efficiency was observed. This effect 

may be attributed to the acidic pH causing chitosan to exhibit a more positive charge 

compared to at pH 7.4. Thus, it induces the electrostatic interaction between the 

positively charged chitosan on the surface of MNPs-CH and MNPs-PDA-CH and the 

negatively charged surface, as well as outer-core lipopolysaccharides, of the bacterial 

membrane. 

Figure 4-22   
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Figure 40-23 Effect of pH buffer of PBS (a) E.coli and (b) S. aureus 

 

Figure 4-24 shows the effect of chitosan concentration on the separation 

efficiency. In the case of MNPs-CH, the separation efficiency trended to increase with 

increasing chitosan concentration for both types of bacteria and saturated at 125 mg of 

chitosan. Thus MNPs-CH with 125 mg of chitosan are the best for use as materials for 

bacteria capture in future studies. Additionally, in the case of MNPs-PDA-CH, it was 

observed that at 125 mg, it also showed high separation efficiency for both types of 

bacteria. 

Figure 4-23   
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Figure 41-24 Effect of chitosan concentration on the separation efficiency  

                     (a) MNPs-CH and (b) MNPs-PDA-CH. 

 

4.6 The study of bacteria detection 

  In this section, the concept of detection is based on an integrated 

approach, involving the capture of bacteria with MNPs and the monitoring of glucose 

consumption by captured bacteria using a portable glucose meter (PGMs) as a signal 

readout. The change in glucose concentration serves as the detection signal  

(Figure 4-25). If bacteria are present in the sample, they will consume glucose, 

resulting in a detectable change in glucose concentration. 

Figure 4-24   
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Figure 42-25 The capture of bacteria with MNPs and the monitoring of glucose  

                      consumption by captured bacteria using a portable glucose meter  

                      (PGMs) as a signal readout. 

 

On this basis, the change in glucose levels of the MNPs conjugate to E. coli 

and S. aureus was investigated. Figures 4-26a and 4-26b illustrate the change in 

glucose concentrations over time, demonstrating the reduction in glucose levels by E. 

coli and S. aureus (green line). In contrast, in the absence of bacteria (control), there is 

no drop in glucose concentrations  over six hours (blue line). This indicates that the 

captured bacteria demonstrated the ability for glucose consumption, resulting in a 

decrease in glucose concentration and providing evidence of the success of this 

detection concept. 

 To investigate the efficacy of magnetic separation step, the detection without 

the step of bacteria capture with MNPs was evaluated. In the case without the step of 

bacteria capture, a decrease in glucose concentrations over time was also observed 

(orange line) due to the glucose consumption by bacteria. However, the time required 

to observe a significant drop in glucose concentrations is longer compared to the case 

with the step of bacteria capture. These results indicate that capturing bacteria with 

MNPs provides enrichment of bacteria, resulting in improved detection efficiency in a 

short period of time. 

 

Figure 4-25   
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Figure 43-26 The change in glucose levels in the reaction solution monitored over time  

                       by PMG. (a) E. coli and (b) S. aureus. 

 

4.6.1 Optimization of experiment parameters 

 4.6.1.1 Effect of nanoparticles type 

  Three types of nanoparticles, namely MNPs-CH, MNPs-PDA, and 

MNPs-PDA-CH were used to study the efficacy of E. coli and S. aureus detection. 

Figures 4-27a and 4-27b show a drop in PMG readings indicative of glucose consumption 

by E. coli and S. aureus, respectively, recorded over time, demonstrating a gradual 

decrease in glucose levels with all types of nanoparticles. However, when considering the 

rate of glucose consumption (%ΔC), it was found that MNPs-PDA-CH exhibited the 

Figure 4-26   
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highest %ΔC for both E. coli and S. aureus (Figures 4-28a and 4-28b), corresponding to 

provide the highest responding signal. Therefore, the MNPs-PDA-CH appears to be 

useful for bacterial detection. 

 

 

Figure 44-27 (a) Drop in PMG readings consumption by E. coli recorded over time for  

                       different types of nanoparticles. (b) Comparison of the %ΔC for  

                       different types of particles at 30-minute of detection time. 

 

 

Figure 45-28 (a) Drop in PMG readings consumption by S. aureus recorded over  

                       time for different types of particles. (b) Comparison of the %ΔC for         

                       different types of particles at 30-minute of detection time.  

 

 

 

 

Figure 4-27   

Figure 4-28    
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 4.6.1.2 Effect of nanoparticles amount 

  Figures 4-29 and 4-30 demonstrated the effect of nanoparticles 

amount. The results show that in case of E coli, the %ΔC trended increase with the 

dosage of nanoparticles. However, for S. aureus, %ΔC did not exhibit a significant 

increase with increasing the amount of nanoparticles. To achieve the best detection for 

both E. coli and S. aureus, nanoparticles amount of 1.0 mg is chosen. 

 

 

Figure 46-29 (a) Drop in PMG readings consumption by E. coli recorded over time for  

                       different MNPs dosages. (b) Comparison of the %ΔC for different  

                       MNPs dosages at 8 hours of detection time. 

 

 

Figure 47-30 (a) Drop in PMG readings consumption by S. aureus recorded over         

                       time different MNPs dosages. (b) Comparison of the %ΔC for different  

                       MNPs dosages at 8 hours of detection time. 

 

Figure 4-29   

Figure 4-30  
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 4.6.1.3 Effect of the sample volume 

  As shown in Figures 4-31 and 4-32, a low sample volume exhibits a 

slow change in glucose concentration. The %ΔC gradually increases with the increase 

in sample volume from 1.0 mL to 10.0 mL. This is because a larger sample volume 

leads to an increased number of bacteria in the sample solution, resulting in a higher 

signal of change. 

 

Figure 48-31 (a) Drop in PMG readings consumption by E. coli recorded over time   

                      for different sample volume. (b) Comparison of the %ΔC for different      

                      sample volume at 30-minute of detection time. 

 

 

Figure 49-32 (a) Drop in PMG readings consumption by S. aureus recorded over   

                       time for different sample volume. (b) Comparison of the %ΔC for   

                       different sample volume at 30-minute of detection time.  

 

 

 

Figure 4-32   

Figure 4-31   
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 4.6.1.4 Effect of incubation time of MNPs-PDA-CH with bacteria 

  In this experiment, the effect of incubation time of MNPs-PDA-CH 

with bacteria was studied at 15, 30, and 45 minutes (Figure 4-33 and 4-34). The 

results of the experiment show that the incubation time affects the detection 

efficiency. Longer contact times tended to provide a higher signal of change. 

However, in the case of S. aureus, as its incubation time continued to increase, %ΔC 

did not show a significant increase. Therefore, incubating MNPs-PDA-CH with  

E. coli and S. aureus for 30 minutes appears to be the best condition. 

 

 

Figure 50-33 (a) Declining in PMG readings consumption by E. coli recorded over time for  

                       different incubation time of MNPs-PDA-CH with bacteria. (b) Comparison of  

                       the %ΔC for different incubation time of MNPs-PDA-CH with bacteria at 6  

                       hours of detection time.  

 

 

Figure 51-34 (a) Declining in PMG readings consumption by S. aureus recorded over  

                      time for different incubation time of MNPs-PDA-CH with bacteria. (b)  

                      Comparison of the %ΔC for different incubation time of MNPs-PDA- 

                      CH with bacteria at 6 hours of detection time. 

Figure 4-33   

Figure 4-34  
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4.7 The study of bacteria detection in real sample  

The real application value of this developed detection method can be revealed 

by its effectiveness in real samples. We verified the detection performance of this 

method for food samples using the conventional standard addition method. The dried 

shrimp sample was spiked with E. coli and S. aureus at different concentrations (101–

108 CFU/mL) of bacteria to prepare an artificially contaminated dried shrimp sample. 

The samples were then analyzed using the developed method as follows: they were 

soaked in PBS buffer (10 mM, pH 5.0), after which 5.0 mL of the sample solution was 

withdrawn and incubated with 1.0 mg of MNPs-PDA-CH for 30 minutes to form a 

complex of MNPs-PDA-CH-bacteria. Subsequently, this complex was redispersed in 

100 µL of Luria-Bertani broth (LB) containing 10 µL of 1% w/v glucose. The reaction 

mixture was then incubated at 37 °C. Bacterial detection was completed by measuring 

the glucose concentration over time using a PMG. 

 

4.7.1 Detection of E. coli in dried shrimp 

  Figure 4-35 displays the detection results of E. coli in dried shrimp 

samples. The change in glucose concentrations over time was observed; however, the 

time required to observe a significant drop in glucose concentrations consistently 

changed with the increase in E. coli concentration. As the concentrations of E. coli 

increased, the time required gradually decreased, showing a good linear relationship 

(R2 = 0.9847) between the time required and the corresponding E. coli concentrations 

in the range of 102–107 CFU/mL (Figure 4-36). The lowest concentration of E. coli in 

dried shrimp was 3.25 x 101 CFU/mL 
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Figure 52-35 The change in glucose levels in the reaction solution monitored over  

                          time by PMG. The concentration of E. coli ranging from 3.25 × 101 - 3.25 ×  

                         108 CFU/mL. 

 

 

Figure 53-36 Time needed to detect a significant decrease in glucose concentrations  

                     at various concentrations of E. coli ranging from 3.25 × 101 – 3.25 × 108  

                     CFU/mL. 

Figure 4-35   

Figure 4-36   
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4.7.1 Detection of S. aureus in dried shrimp 

  Figure 4-37 displays the detection results of S. aureus in dried shrimp 

samples. The change in glucose concentrations over time was observed; however, the 

time required to observe a significant drop in glucose concentrations consistently 

changed with the increase in S. aureus concentration. As the concentrations of S. 

aureus increased, the time required gradually decreased, showing a good linear 

relationship (R2 = 0.9878) between the time required and the corresponding S. aureus 

concentrations, establishing standard curves (Figure 4-38). These results showed good 

detection performance for 101–108 CFU/mL of S. aureus in dried shrimp. The lowest 

concentration of S. aureus in dried shrimp was 2.85 x 101 CFU/mL 

 

 

Figure 54-37 The change in glucose levels in the reaction solution monitored over  

                     time by PMG. The concentration of S. aureus ranging from 2.85 × 101 -  

                     2.85 × 108 CFU/mL. 

 

Figure 4-37   
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Figure 55-38 Time needed to detect a significant decrease in glucose concentrations at  

                    various concentrations of S. aureus ranging from 2.85 × 101 - 2.85 × 108  

                    CFU/mL. 

 

4.8 Method validation 

 To evaluate accuracy, this method was compared with the classical plate 

culture method for detecting 20 samples of dried shrimp and dried squid purchased 

from Nong Mon Market. As shown in Table 4.1, a total of 20 samples (including 14 

positive and 6 negative samples) were identified by the plate culture method, and then 

tested using our developed method. The results revealed one false negative result 

among the analysis of 14 positive samples and zero false positive results among the 

analysis of 6 negative samples (physical images of the actual results are shown in 

Tables 4.2 and 4.3). It was calculated that the sensitivity, specificity, and accuracy of 

this method were 93%, 100%, and 95%, respectively 

 

 

 

 

 

Figure 4-38  
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Table 2-1 Performance evaluation of total bacteria count in real samples. 

Our 

method 

Plate culture 

Sensitivity Specificity Accuracy Positive 

(n=14) 

Negative 

(n=6) 

Total 

(n=20) 

Positive 13 0 13 
13/14 

(93%) 
/ 

19/20 

(95%) 

Negative 1 6 7 / 6/6 (100%)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4-1   



 57 

Table 3-2 Results of testing efficiency for measuring total bacteria in dried ink 

samples. Comparison between the standard method (plate culture) and the new 

method for measuring bacteria (our method)  

Method 

validation 
Plate culture 

Our method 
ΔC (%)/hours 

Dried squid 

 

Positive result 

(+) 

Positive result 

(+) 

 

100%/ 6h 

 

Positive result 

(+) 

Positive result 

(+) 
21.7%/ 7h 

 

Positive result 

(+) 

Positive result 

(+) 
14.9%/ 7h 

 

Positive result 

(+) 

Positive result 

(+) 
7.4%/ 7h 

 

Negative 

result 

(-) 

Negative 

result 

(-) 

0%/ 9h 

Table 4-2 
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Method 

validation 
Plate culture Our method ΔC (%)/hours 

Dried squid 

 

 

Positive result 

(+) 

Negative 

result 

(-) 

0%/ 9h 

 

Negative 

result 

(-) 

Negative 

result 

(-) 

0%/ 9h 

 

Negative 

result 

(-) 

Negative 

result 

(-) 

0%/ 9h 

 

Positive result 

(+) 
Positive result 

(+) 
14%/ 9h 

 

Positive result 

(+) 

Positive result 

(+) 
100%/8h 
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Table 4-3 Results of testing efficiency for measuring total bacteria in  dried shrimp 

samples. Comparison between the standard method (plate culture) and the new 

method for measuring bacteria (our method)  

Method 

validation 
Plate culture Our method ΔC (%)/hours 

Dried 

shrimp 

 

 

 

Positive result 

(+) 

Positive result 

(+) 
100%/ 6h 

 

Positive result 

(+) 

Positive result 

(+) 
100%/ 5h 

 

Positive result 

(+) 

Positive result 

(+) 
100%/ 7h 

 

Positive result 

(+) 

Positive result 

(+) 
100%/ 7h 

 

Negative 

result 

(-) 

Negative 

result 

(-) 

0%/ 9h 

Table 4-3   
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Method 

validation 
Plate culture Our method ΔC (%)/hours 

Dried 

shrimp 

 
 

 

Positive result 

(+) 
Positive result 

(+) 
100%/ 7h 

 

Negative 

result 

(-) 

Negative 

result 

(-) 

0%/ 9h 

 

Negative 

result 

(-) 

Negative 

result 

(-) 

0%/ 9h 

 

Positive result 

(+) 
Positive result 

(+) 
100%/ 6h 

 

Positive result 

(+) 
Positive result 

(+) 
100%/ 6h 
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CHAPTER 5 

CONCLUSION AND DISCUSSION 

  

 In summary, MNPs were successfully synthesized and modified with the 

positively charged polymer chitosan using two approaches: 1) electrostatic adsorption 

(MNPs-CH) and 2) chemical bonding (MNPs-PDA-CH). Both the positively charged 

MNPs-CH and MNPs-PDA-CH exhibited outstanding capture ability for both gram-

negative Escherichia coli and gram-positive Staphylococcus aureus (> 50%) through 

electrostatic interaction. The captured bacteria displayed glucose consumption, with 

the decrease in glucose concentration detectable using a portable glucose meter 

(PGM). The detection of both gram-negative and gram-positive in dried shrimp 

samples revealed a good linear correlation between the time needed to detect a 

significant decrease in glucose concentrations and bacteria concentration. The 

established detection procedure demonstrates a simple and low-cost method based on 

remarkable bacteria separation and glucose consumption. 
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