
 

 

 

 

Faculty of Resource Science and Technology 

Curcumin Loaded Amino-Starch Nanoparticles as a Controlled Release 

Antimicrobial Agent 
 

 

 

 

 

 

 

 

Lionel Victor anak Kemin 

 

 

 

 

 

 

 

 

 

 

Master of Science 

2021 



 

 

 

Curcumin Loaded Amino-Starch Nanoparticles as a Controlled Release 

Antimicrobial Agent 

 

 

 

 

 Lionel Victor anak Kemin 

 

 

 

 

A thesis submitted 

In fulfillment of the requirements for the degree of Master of Science 

(Physical Chemistry) 

 

 

  

 

 

Faculty of Resource Science and Technology 

UNIVERSITI MALAYSIA SARAWAK 

2021 



 

i 

DECLARATION 

I declare that the work in this thesis was carried out in accordance with the regulations of 

Universiti Malaysia Sarawak. Except where due acknowledgements have been made, the 

work is that of the author alone. The thesis has not been accepted for any degree and is not 

concurrently submitted in candidature of any other degree. 

 

…………………………… 

Signature 

 

Name: Lionel Victor anak Kemin 

Matric No.: 17020046 

Faculty of Resource Science and Technology 

Universiti Malaysia Sarawak 

Date: 17/08/2021 

 



 

ii 

ACKNOWLEDGEMENT 

I would like to take this opportunity to those who have contributed directly or indirectly to 

this thesis. First and foremost, I would like to express my gratitude and appreciation to my 

admirable supervisor Assoc. Prof. Dr. Chin Suk Fun and former supervisor Prof. Dr. Pang 

Suh Cem, for their help and guidance throughout my journey to complete the master study. 

Thank you for being a part of my motivation and supporter that pushes me to complete this 

journey. I have learned a lot of new things and gained more experience while completing my 

master’s degree.  

Not to forget, my beloved family members who always be at my back to keep supporting me 

by relentlessly motivating, I would like to express my sincere gratitude. I am always felt 

indebted with everyone. To all my friends and lab mates, I am grateful for being with me 

through thick and thin for the past 4 years, especially to my best friends, Haslinza, Amelia, 

Hazim, Mazliena, Hafizi, Benny, Salfa, Sollehin, Sheryl, Frank, Raphael, Alia, Arif, Angel, 

Abigail, Seha, Amira, Fitrah, and beloved lab mates, Dorothy, Mr. Lai, Justin, Boon Kui, 

Kak Ain, Farahin, Asniar Awang and Khairool. Also not forgetting Miss Beatrice, therefore, 

thank you everyone for the generous knowledge and resource sharing as well as endless 

motivational support for the past 4 years. Praise Lord Almighty God for his protection and 

guidance throughout the days of completing this project and thesis writing especially during 

my rough time.  

Finally, I’m dedicating this master thesis to my beloved late grandfather, Ngelayang. Thank 

you, Sir for being here with me for 26 years, it’s been a memorable journey.  

 



 

iii 

ABSTRACT 

Native starch is well known to be cheap, non-toxic, renewable, and biodegradable 

biopolymer. In Malaysia, starch industries had been one of the important revenues, 

comprising native sago starch trading that are well established. Therefore, apart from being 

as a choice of staple food, starch could also potentially be utilized as an alternative source of 

materials. In accordance with that, increase in human population had cause depletion of 

unrenewable natural resources which made mankind turning their focuses on alternative 

resource such as starch. In recent years, biomedical industries also in need of versatile 

material which could be easily moulded according to the desired applications. This make 

native starch as a suitable candidate in being an alternative material that suited biomedical 

field. However, despite being highly feasible, native starch lacked in its functionalities, 

which require proper modification and fabrication before it is suitable to be utilized. 

Therefore, in this study sago starch was modified by etherification and then fabricated by 

nanoprecipitation process, which formed amino-starch nanoparticles with particles size of 

163 nm. Potential application of the prepared nanoparticles as controlled release nanocarrier 

of curcumin then were evaluated. Enhanced curcumin loading capacity of 0.76 mg.mg-1, as 

well as slow release of the turmeric derivatives over a period of 12 h were observed. The 

prepared nanomaterial was further tested for its antimicrobial properties. When tested against 

bacterial strain the curcumin loaded amino-starch nanoparticles showed inhibiting properties 

on both gram-negative (Salmonella typhimurium, Escherichia coli) and gram-positive 

bacteria (methicillin resistant Staphylococcus aureus). Antifungal study also exhibits 

supressing action of the loaded nanoparticles when tested against fungal strain of Aspergillus 

niger and Aspergillus flavus. In short, not only the functionality of the modified starch 
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improved, the prepared amino-starch nanoparticles also showed high potential as a 

controlled release nanocarrier of curcumin and concurrently exhibit antimicrobial properties. 

Keywords: Sago starch, nanoparticles, curcumin, nanocarrier, antimicrobial 
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Nanopartikel Kanji-Amino sebagai Nanocarrier Perlepasan Terkawal untuk Curcumin 

dan Agen Antimikrob 

ABSTRAK 

Kanji asli terkenal sebagai biopolimer yang murah, tidak beracun, boleh diperbaharui, dan 

terbiodegradasi. Di Malaysia industri kanji merupakan salah satu hasil penting, yang 

merangkumi perdagangan kanji sagu asli yang mapan. Oleh itu, selain menjadi pilihan 

makanan ruji, kanji juga berpotensi digunakan sebagai bahan alternatif. Peningkatan 

populasi manusia telah menyebabkan pengurangan sumber bahan semula jadi yang tidak 

dapat diperbaharui dan membuat manusia untuk berpaling kepada bahan alternatif seperti 

kanji. Dalam beberapa tahun kebelakangan ini, industri bioperubatan juga memerlukan 

bahan serbaguna yang mudah diperbuat dan sesuai dengan aplikasi yang diinginkan. Ini 

menjadikan kanji asli sebagai calon yang sesuai sebagai bahan alternatif untuk bidang 

bioperubatan. Namun, kanji asli memiliki daya fungsi yang kurang sesuai, dan memerlukan 

pengubahsuaian serta fabrikasi yang tepat sebelum sesuai digunakan. Oleh itu dalam kajian 

ini, kanji sagu telah dimodifikasi dengan proses etherifikasi dan kemudian dibentuk melalui 

proses nanopresipitasi untuk membentuk nanopartikel pati-amino dengan ukuran zarah 163 

nm. Potensi penggunaan nanopartikel yang disediakan sebagai nanokarrier pelepasan 

terkawal kurkumin kemudian dinilai. Kapasiti pemuatan kurkumin telah ditingkatkan 

kepada 0.76 mg.mg-1, dituruti dengan sifat pelepasan kurkumin yang perlahan dalam jangka 

masa 12 jam. Sebatian nanopartikel yang disediakan telah diuji lebih lanjut untuk sifat 

antimikrob. Ketika diuji terhadap bakteria, nanopartikel pati amino yang mengandungi 

kurkumin menunjukkan sifat penghalang terhadap kedua-dua bakteria gram-negatif 

(Salmonella typhimurium, Escherichia coli) dan bakteria gram-positif (methicillin resistant 

Staphylococcus aureus). Nanopartikel yang dimuat dengan kurkumin turut menunjukkan 
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tindak balas penghambat kulat apabila diuji pada kulat Aspergillus niger dan Aspergillus 

flavus. Secara ringkas, bukan sahaja fungsi pati yang telah diubahsuai bertambah baik, 

tetapi nanopartikel kanji amino yang disiapkan juga sangat berpotensi untuk digunakan 

sebagai nanokarrier pelepasan terkawal kurkumin beserta dengan sifat antimikrob.  

Kata kunci: Kanji sagu, nanopartikel, kurkumin, nanokarrier, antimikrob 



 

vii 

TABLE OF CONTENTS 

  Page 

DECLARATION i 

ACKNOWLEDGEMENT ii 

ABSTRACT iii 

ABSTRAK v 

TABLE OF CONTENTS vii 

LIST OF TABLES x 

LIST OF FIGURES xi 

LIST OF ABBREVIATIONS xiii 

CHAPTER 1: INTRODUCTION 1 

1.1 Study Background 1 

1.2 Problem Statement 4 

1.3 Objectives 8 

1.4 Scope of Study 9 

CHAPTER 2: LITERATURE REVIEW 10 

2.1 Starch 10 

2.2 Modification of Sago Starch 12 

2.3 Applications of Starch 15 

2.4 Starch Nanoparticles 16 



 

viii 

2.4.1 Preparation of Starch Nanoparticles 18 

2.4.2 Application of Starch Nanoparticles 21 

2.4.3 Starch Nanoparticles as Controlled Release Drug Carrier 23 

2.4.4 Controlled Release of Curcumin 27 

2.5 Antimicrobial Starch Nanoparticles 32 

CHAPTER 3: AMINO-STARCH NANOPARTICLES AS CONTROLLED 

RELEASE NANOCARRIERS FOR CURCUMIN 37 

3.1 Introduction 37 

3.2 Materials and Methods 38 

3.2.1 Materials 38 

3.2.2 Preparation of Amino-starch Nanoparticles 39 

3.2.3 Preparation of Curcumin Loaded Amino-starch Nanoparticles 39 

3.2.4 Loading Capacity of Curcumin 40 

3.2.5 Curcumin Release Study 40 

3.2.6 Swelling Study 41 

3.2.7 Characterization of Amino-starch and Curcumin Loaded Amino-starch 42 

3.3 Results and Discussion 43 

3.3.1 Fourier-Transform Infrared (FTIR) Analysis 43 

3.3.2 Morphological Study 45 

3.3.3 Loading Capacity of Curcumin 46 



 

ix 

3.3.4 Swelling Study 48 

3.3.5 Curcumin Release Studies 50 

3.3.6 Drug Release Mechanism 51 

3.4 Conclusion 54 

CHAPTER 4: CHARACTERIZATION OF ANTIMICROBIAL 

PROPERTIES OF AMINO-STARCH NANOPARTICLES 55 

4.1 Introduction 55 

4.2 Materials and Methods 57 

4.2.1 Materials 57 

4.2.2 Antibacterial Properties of Amino-starch Nanoparticles 57 

4.2.3 Antifungal Activity of Amino-starch Nanoparticles 59 

4.2.4 Morphological characterization of bacteria strains and fungi 61 

4.3 Results and Discussion 61 

4.3.1 Antibacterial Activities of Amino-starch Nanoparticles 61 

4.3.2 Antifungal Activity of Amino-starch Nanoparticles against Aspergillus niger 

and Aspergillus flavus 69 

4.3 Conclusion 74 

CHAPTER 5: CONCLUSION AND RECOMMENDATIONS 75 

5.1 Concluding Remarks 75 

5.2 Recommendations for Future Studies 76 

REFERENCES  78 



 

x 

LIST OF TABLES 

  Page 

Table 3.1 Kinetic modeling of curcumin release from amino-starch nanoparticles 53 

Table 4.1 Disc diffusion assay of amino-starch nanoparticles 63 

Table 4.2 MIC, MBC, and percentage of inhibition of amino-starch nanoparticle 64 

Table 4.3 MIC, MBC, and percentage of inhibition of curcumin 65 

Table 4.4 MIC, MBC, and percentage of inhibition of curcumin loaded starch 

nanoparticles 68 

Table 4.5 Disk diffusion, MIC, MFC and percentage of effective inhibition 

growth of Aspergillus niger and Aspergillus flavus to amino-starch 

nanoparticles and curcumin loaded amino-starch nanoparticles 70 

 

 



 

xi 

LIST OF FIGURES 

Page 

Figure 2.1  Molecular structure of starch: a) Amylose b) Amylopectin (Adopted 

from Garcia-Valdez et al., 2018) 10 

Figure 3.1 FTIR spectra of (a) native sago starch (b) amino-starch and (c) amino-

starch   nanoparticles 44 

Figure 3.2 Proposed schematic representation of reaction of amine and native sago 

starch to form amino-starch 45 

Figure 3.3 SEM micrographs of (a) native sago starch and (b) amino-starch 

nanoparticles 46 

Figure 3.4 Effect of curcumin concentration in the reaction medium on the loading 

capacity of amino-starch nanoparticles. (Error bars were calculated 

from mean value, number of samples = 3) 48 

Figure 3.5 Swelling ratio of amino-starch nanoparticles at pH 1.2 and pH 7.4. 

(Error bars were calculated from mean value, number of samples = 3) 49 

Figure 3.6 Cumulative release of curcumin from amino-starch nanoparticles at pH 

1.2 and pH 7.4. (Error bars were calculated from mean value, number 

of samples = 3) 51 



 

xii 

Figure 4.1 SEM micrographs of methicillin-resistant Staphylococcus aureus (a) 

Untreated with amino-starch nanoparticles (b) Treated with amino-

starch nanoparticles 62 

Figure 4.2 Image of (a) Front surface of Aspergillus flavus (b) Front surface of 

Aspergillus niger (c) back surface of Aspergillus flavus (d) back surface 

of Aspergillus niger and microscopic image (e) spore of Aspergillus 

flavus, (f) mycelia and spore of Aspergillus niger 73 

 



 

xiii 

LIST OF ABBREVIATIONS 

A. niger Aspergillus niger 

A. flavus Aspergillus flavus 

A. terreus Aspergillus terreus 

B. subtilis Bacillus subtilis 

CPD Carbon dioxide supercritical point dryer 

DMSO Dimethyl sulfoxide 

DNA Deoxyribonucleic acid 

E. coli Escherichia coli 

FDA Food and Drug Administration 

FtsZ Filamenting temperature-sensitive mutant Z 

FTIR Fourier-transform infrared spectroscopy  

F. oxysporum Fusarium oxysporum 

F. moniliforme Fusarium moniliforme 

GIT Gastrointestinal tract 

h Hour 

LDPE/PVA Low density polyethylene/polyvinyl alcohol 

LB Luria Bertani 

MBC Minimum bactericidal concentration 

MFC Minimum fungicidal concentration 

MIC Minimum inhibition concentration 

MHA Mueller-Hinton agar 

MRSA Methicillin-resistant Staphylococcus aureus 

PBS Phosphate-buffered saline 



 

xiv 

PEG-PLA Poly(ethylene glycol)-poly(lactic acid) 

P. expansum Plasmodium expansum 

PDA Potato dextrose agar 

PLGA Polylactide-co-glycolide 

PLGA-PEG Poly(lactic-co-glycolic acid)-poly(ethylene glycol) 

RNA Ribonucleic acid 

S. aureus Staphylococcus aureus 

S. typhimurium Salmonella typhimurium 

S. pyogenes Streptococcus pyogenes 

S. mutans Streptococcus mutans 

SEM Scanning electron microscope 

 



 

1 

CHAPTER 1  

 

 

INTRODUCTION 

1.1 Study Background 

Throughout the years, rapid progress in material science had a demand for better raw 

materials in coping with the current eco-technological trend. This attribute to materials that 

are sustainable and inexpensive that will provide higher efficiency during production. To 

deal with the current need, researchers had been showing keen interest in the natural resource 

of agricultural biopolymer, specifically the polysaccharide component of starch stored in the 

plant. In fact, for decades, native starch is known to be one of the cheap, non-toxic, naturally 

renewable, and biodegradable biopolymers which can be found abundantly in the whole 

world. In Malaysia itself, starch industries comprised of trading of sago starch are well 

established and have become one of the important sources of export revenues for the country 

(Mohamad Naim et al., 2016). In other words, starch can be utilized as an alternative source 

of materials. Adding to that, there is growing interest in using starch in the synthesis of 

starch-based nanoparticles that could be used in various biomedical and industrial 

applications (Gahlawat et al., 2017).  

However, the poor functionalities of native starch had always been the limiting factor 

for it to be used in various kinds of applications. Besides, being hydrophilic is one of the 

main reasons for several other defects of native starch, which include inferior mechanical 

properties. Hence, to make it better in both chemical and physical functionality with added 

value, various modification of the native starch had been conducted throughout the years. 

Liu et al. (2015) reported that there were several conventional modifications had been carried 

out previously, including esterification, etherification, oxidation, and graft copolymerization 
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process, which focus mainly on altering the chemical properties of native sago starch. Most 

of the methods involve functionalization on the surface of native starch that would give it 

better functionalities as well as improved mechanical properties of the polymer. To put it in 

another way, this will help to further open the potential application of the modified starch as 

a choice of material in various types of applications. 

A recent study shows that the application of starch nanoparticles in drug delivery 

system is gaining a huge amount of interest among the researchers, especially in oral drug 

administration. Intrinsic properties of native starch that are non-toxic, highly biocompatible 

and biodegradable had rendered the starch as a safe material to be used in medicine in 

accordance with the Food and Drug Administration (FDA) (Martins & Rodrigues, 2012). 

However, there are challenges associated with oral administration drugs where denaturation 

and rapid diffusion of drugs out from its carrier which prevents delivery of an effective 

amount of drug to targeted sites (Homayun et al., 2019). A study by Acevedo-Guevara et al. 

(2018) highlighted that curcumin release was 15% faster from native starch nanoparticles 

when compared to the release from acetylated starch nanoparticles in a simulated 

gastrointestinal fluid medium. The rapid release of curcumin is mainly due to hydrolysis of 

the amylopectin component of native starch which induced by hydrochloric acid in the 

gastrointestinal fluid (Fouhse & Zijlstra, 2018). In other words, native starch nanoparticles 

are unstable in acidic stomach conditions, which in return leads to premature drug release 

and lower drug absorption due to a decrease in the bioavailability of the delivered drug at 

the targeted site (Jana et al., 2013). Attempts have been made to prepare starch-based 

nanoparticles as pH-sensitive drug delivery carriers (Tian et al., 2017). Several kinds of pH-

sensitive functional groups including carboxylic (COOH) and amino (NH2) have been added 
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to native starch nanoparticles, to prepare pH-sensitive controlled release drug nanocarrier 

(Wu et al., 2016). 

Recently, the natural antimicrobial agent also gaining attention among researchers 

and food manufacturers due to their biocompatibility and non-toxic properties (Saeed et al., 

2019). Previously metal nanoparticles such as silver, selenium, and gold were the popular 

options to be applied as antimicrobial agents. Even though metallic nanoparticles were found 

to show effective antimicrobial action, their accumulation in the human body (metal toxicity) 

remains as the main concern as findings show that the metallic elements are indeed harmful 

to the body (Gaur et al., 2014). Therefore, researchers turned their attention to the natural 

antimicrobial agents, which were mainly derived from plant and animals, such as essential 

oils, organic acids, and turmeric that were proven to exhibit antimicrobial properties. 

Curcumin, have been reported to exhibit multiple therapeutic values, including antioxidant, 

anti-inflammatory, anti-proliferative, anti-tumour, and most importantly antimicrobial 

property (Bhawana et al., 2011). The study also shows that the use of curcumin at high 

concentration is safe as approved by the FDA (Hewlings & Kalman, 2017). Hence, 

antimicrobial starch-based nanoparticles with extensive therapeutical properties may be 

promising for effective antimicrobial treatment. 

Various attempts had been done to use starch as an alternative material in the 

development of nanomaterial. This is mainly due to the unique properties of starch which 

considered as renewable, biodegradable, low cost, and immensely versatile. But several 

limitations caused by the hydrophilic properties of starch would require some modifications 

to be done on the natural polymer to further broaden its field of applications. Therefore, the 

specified functionalization of starch would allow it to be utilized as a controlled release drug 

nanocarrier while blending it with a drug may also produce an efficient antimicrobial agent. 
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1.2 Problem Statement  

An increase in the human population demands higher production of goods or 

materials which causes depletion of natural resources such as petroleum and natural gas, 

which are being used to produce various kinds of polymers. Thus, to cope with the increasing 

demand of material production, mankind is turning their focuses on finding alternative 

resources that are more sustainable, leading to the utilization native starch. Being 

biodegradable, renewable, and abundantly available, native starch seems to be a promising 

choice of a new alternative resource. Therefore, apart from the common source of starch 

from the likes of cassava, maize, corn and potato, starch extracted from sago palm is another 

potential choice of option. Native sago starch had been known as a cheap biopolymer that 

abundantly available in Southeast Asia. In Malaysia itself, sago industry is well established 

and had become one of the important sources of revenue for the country (Karim et al., 2008). 

Nevertheless, sago starch is considered as understudied and underutilized when compared 

to other type of starch, which demand for more studies to be conducted to further utilize and 

maximizing the potential of the local resource (Basri et al., 2016; Zhu, 2019). Thus, in 

attempt to increase the utilization of local starch resources, native sago starch would make a 

suitable candidate as a choice of material in this study.  

However, due to its poor functionalities, specifically poor water solubility of native 

starch had restricted the utilization of the biopolymer in various applications. For example, 

when applied as a drug carrier, low loading capacity of the drug due to its low intrinsic 

solubility of the native starch limits the diffusion of drugs into the carrier matrix during the 

encapsulation process. Therefore, to improve the hydrophilic properties of the native starch, 

modification of the biopolymer needs to be done. Advancement of technology had seen 

different techniques in modification of starch in overcoming its shortcomings, which in 
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general, includes 4 different methods such as physical, chemical, enzymatic, and genetic 

engineering of native starch. Chemical modification was known to provide more option, thus 

broaden the application field significantly with specified functionalization of the modified 

starch (Moad, 2011). Recent work had been focusing on adding functional group such as 

hydroxyethyl, N-acetyl-cysteine, carboxymethyl and acetyl due to ease of process and 

suitability to be use in both industrial and biomedical applications. Amino-modified starch 

also gaining its popularity among researchers as it shows promising potential in both 

industrial and biomedical applications. However, most of the work done had focused more 

on industrial use of the amino-starch such as flocculant in wastewater treatment and removal 

of heavy metals including cadmium, chromium and zinc. This calls for further research need 

to be done on biomedical applications of the amino modified starch.  

Owing to that, previous study reported that amino functionalized starch was known 

to have enhanced water solubility, that are beneficial in preparing drug carrier with higher 

loading capacity (Lozano-Navarro et al., 2017). It is due to the attached amino group on 

starch particles getting protonated with the surrounding free proton. This will facilitate the 

repulsion in between starch polymer chain, leading to increase in pore size of starch particle 

and allow more drug to be stored, subsequently increasing the loading capacity of the amino 

modified starch. Other study also showed that the amino functionalized starch does exhibit 

slight antimicrobial properties. Protonation of the amino group also induce electrostatic 

interaction in between protonated amine and negatively charge cytoplasmic membrane of 

microorganisms. Eventually it will damage the structural integrity of the membrane, 

promoting the denaturation of cells and suppressing effect of the modified starch. Therefore, 

with promising potential shown amino modified starch, further study should be employed 

on the subject as it will be beneficial in the biopolymer application (Saikia et al., 2017). In 
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other words, the modification of native starch not only will open new potential to be applied 

in biomedical applications, but also for better understanding of the biopolymer.  

Apart from that, in biomedical industries, most of the current formulated drug carrier 

was found to exhibit unfavourable physicochemical and pharmacokinetic properties, which 

lead to various limitations on the therapy, and undesirable side effects of the conventional 

dosage form (Li et al., 2019). This includes oral drug administration, which involves drug 

delivery through the gastrointestinal tract (GIT) and followed by absorption into the 

bloodstream. A problem associated with the oral delivery system is the excessive hydrolysis 

of drug carriers in the acidic condition of the stomach that induced the initial burst release 

of a drug which decreases the efficiency of the drug therapy. Hence, a drug carrier capable 

of controlled release is in need to improve the effectiveness of medication. As the human 

body consists of the various part which has different pH value, preparation of pH-sensitive 

drug carrier at specified pH range had been proposed. As mentioned, priorly, amino-

modified starch was known to react accordingly to the surrounding free protons. As different 

pH value would have disparate count of free protons, it enables the amino functionalized to 

act as a governing body to control the release of drug our from the carrier’s core. Degree of 

protonation will regulate the swelling rate of the biopolymer that led to controlled release of 

drug, as a higher swelling ratio promotes higher drug release and lower swelling ratio 

decrease diffusion of the drug out from the carrier. Thus, with controlled release mechanism, 

improved drug bioavailability could be achieved which is beneficial to increase the 

efficiency of pharmaceutical therapy.   
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Along with the growing study in search for improved drug carrier, different kind of 

pharmaceutics had been used and tested. Among the popular choices are natural products 

derivatives due to their remarkable characteristic such as extraordinary chemical diversity, 

specific chemical, and biological properties as well as less toxicity of the compound. As a 

matter of fact, nearly 25% of modern medicines were derived from natural resources. Thus, 

in recent years, scientific community is focussing on natural compounds in search for 

improved drug therapy. This included natural compound such as berberine, coumarin, 

resveratrol, curcumin, and quercetin. By having multiple therapeutical properties including 

anti-inflammatory, antioxidant, anti-cancer and antimicrobial effects, curcumin stands out 

among the choice of natural compounds. Curcumin, a bioactive agent found in turmeric had 

always been known to be highly potent and biocompatible making it a suitable candidate for 

the application. However, like other natural products, low water solubility, fast degradation, 

and poor bioavailability limit the application of the phytochemical in drug therapy. Study 

suggest that the limitation could be overcome by the application of nanotechnology approach 

in the drug delivery (Patra et al., 2018). This is due to the potential advantage such as 

possibility to modify properties like solubility, drug release profiles, as well as 

bioavailability. Therefore, by encapsulating curcumin in a pH-sensitive biopolymer such as 

amino-functionalized starch nanoparticles may be one of the solutions in search of an 

efficient drug delivery system as not only it promotes controlled release but also higher 

loading capacity by enhancing the solubility of the drug.   
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Therefore, to subjugate the drawbacks in finding suitable alternative material along 

with the improved biomedical application, the preparation of amino-starch nanoparticles has 

been proposed. Starch is indeed a suitable alternative material in developing sustainable 

material as it was known to be renewable, low cost, and easy to mould. Meanwhile, the 

amino group had also been reported to show pH-sensitive properties along with good 

inhibiting action against microorganisms which is favourable, while incorporation of 

curcumin which had multiple therapeutic properties would further improve the material for 

biomedical applications.  

1.3 Objectives 

The objectives of this study are: 

i. To synthesize and characterize amino-starch nanoparticles for controlled 

release of curcumin  

ii. To evaluate curcumin release mechanism of amino starch nanoparticles 

iii. To study the antimicrobial properties of amino-starch nanoparticles and 

curcumin loaded amino-starch nanoparticles against both bacteria and 

fungus.   


