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ABSTRACT 

This study reported the fabrication of starch-based nanofibers derived from various weight 

ratios (w:w) of native sago starch (SS), poly (vinyl alcohol) (PVA) and carboxymethyl 

cellulose (CMC) using the electrospinning technique. The effects of electrospinning 

operation parameters on the surface morphology of SS/PVA and SS/PVA/CMC nanofibers 

were observed by using Scanning Electron Microscopy (SEM) and Fourier Transform 

Infrared (FT-IR) Spectroscopy. The smooth and bead-free SS/PVA nanofibers with fibers 

diameters within the range of 90 nm to 150 nm were produced under the optimized 

conditions. The paracetamol (PCM) was encapsulated into both SS/PVA and SS/PVA/CMC 

nanofibers via the blending process. The SS/PVA nanofibers exhibited a maximum PCM 

loading capacity of 0.96 mg.mg-1 while, SS/PVA/CMC showed only 0.61 mg.mg-1 of 

SS/PVA/CMC. PCM was observed to release out from SS/PVA and SS/PVA/CMC 

nanofibers slowly and steadily for 72 hours. Finally, drug release mechanism shows the 

result for both SS/PVA and SS/PVA/CMC nanofibers more to First Order rather than Zero 

Order and belong to non-Fickian transport in within (0.43<n<0.85). 

Keywords: Starch, poly (vinyl alcohol), electrospinning, nanofibers, drug nanocarriers 
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Pembuatan Gentian Nano Berasaskan Fabrikasi Sagu (Metroxulon sagu)/ Poli (vinil 

alkohol) (PVA)/ Karboksimetil Selulosa (CMC) untuk Aplikasi Penghantaran Ubat 

 

ABSTRAK 

Kajian ini melaporkan pembuatan gentian nano berasaskan kanji sagu yang berasal 

daripada pelbagai nisbah berat (w: w) pati sagu asli (SS), poli (vinil alkohol) (PVA) dan 

karboksimetil selulosa (CMC) menggunakan teknik pemutaran-elektro. Kesan parameter 

operasi pemutaran-elektro kepada morfologi permukaan gentian nano SS/PVA dan 

SS/PVA/CMC diperhatikan dengan menggunakan Mikroskop Elektron Pengimbas (SEM) 

dan Spektroskopi Inframerah Transformasi (FT-IR). Gentian nano SS/PVA yang halus dan 

bebas manik dengan diameter gentian dalam lingkungan 90 nm hingga 150 nm dihasilkan 

dalam keadaan yang dioptimumkan. Parasetamol (PCM) dimasukkan ke dalam kedua-dua 

gentian nano SS/PVA dan SS/PVA/CMC melalui proses pencampuran. Gentian nano 

SS/PVA menunjukkan kapasiti pemuatan maksimum PCM 0.96 mg.mg-1 sementara, 

SS/PVA/CMC hanya menunjukkan 0.61 mg.mg-1 SS/PVA/CMC. PCM diperhatikan 

melepaskan dari gentian nano SS/PVA dan SS/PVA/CMC secara perlahan dan stabil selama 

72 jam. Kesimpulannya, makanisme pelepasan ubat menunjukkan hasil untuk kedua-dua 

gentian nano SS/PVA dan SS/PVA/CMC lebih kepada First Order bukannya Zero Order dan 

kedua-dua gentian nano termasuk dalam pengangkutan non-Fickian antara (0.43<n<0.85). 

Kata kunci: Kanji, poli (alkohol vinil), elektrospinning, serat gentian nano, nanocarrier 

ubat 
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CHAPTER 1  
 

 

INTRODUCTION 

1.1 Background 

Starch is the second-largest source of biomass on earth and among the most relevant 

renewable resources in sustainable development (Doi et al., 2002). Starches are carbohydrate 

polymers that are formed from water and carbon dioxide (CO2) in plants through a process 

called photosynthesis. Starch and its compounds have been extensively used due to its 

numerous benefits, including its high availability, low cost and its biodegradable and 

biocompatible properties as a natural and sustainable resource (Meshram et al., 2009; Du et 

al., 2011; Martins & Rodrigues, 2012). These natural polymeric starches are made from the 

basic element of hydrogen, oxygen, and carbon. Starch is also among the most versatile 

polymers due to the presence of hydroxyl (OH) moieties on the polymer backbone. Due to 

these facts, starch is an appropriate candidate for the development of sustainable materials 

to replace petrochemical-based polymers (Ali & Abdel Ghaffar, 2017). Nowadays 

significant attempts have been made to promote sago starch not only as a source of food but 

also as a substance with other applications in the biomedical (El-Sheikh, 2016).  

Sago starch (as shown in Figure 1.1) is primarily utilized in the production of food, 

such as food thickener and food stabilizers, ethanol production, and functions in the cloth 

and paper industry as an adhesive (Basri et al., 2016). Apart from that, sago starch is 

commonly used by local people in Sarawak as their local foods for instance; sago pearls, 

sago crackers, sago cake, and linut or ambuyat (sago paste). Sago starch is mostly derived 

from the palms of sago and it is just like every other form of starch. Starch as compared to 



2 

any polysaccharide family is easier to develop without relatively complex processing for its 

dissolution besides its low cost and easily accessible raw materials (Cumpstey, 2013). 

 
 

Figure 1.1: Sago Tree adapted from (Singhal et al., 2008) 

 

Nanotechnology has today made a major contribution to many areas of studies such 

as materials science, electrochemistry, electromagnetism and medicinal application (mostly 

medication suppliers). Nanotechnology requires science and technological advancement in 

every direction at a range of the chemical, molecular or macromolecular levels of 1-100 nm 

(Wilczewska et al., 2012). It involves the processing of nanoscale materials dimensions, 

commonly used in research and engineering due to its special characteristics (Li & Xia, 

2004).  
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Starch nanofiber is a nanostructure of starch polymers in the form of fibers. 

Although, starch is a rising polymer in the area of biomedical research because of its ease of 

availability, low- cost, and biological values, but starch polymer has been used as powder 

and film in applications such as tissue engineering and hemostatic application. Thanks to the 

emerging new technology of electrospinning technique, fibrous form of starch are producible 

today not in the past due to starch in fibrous form is nearly impossible to fabricate due to the 

branched amylopectin structure in the starch polymers (Hemamalini, 2018). 

In the last 20 to 30 years, starch nanofibers have gotten numerous attentions for 

applications in wound dressing, tissue engineering, and drug delivery. Tremendously high 

specific surface area, ease of production, high porosity, and superior mechanical 

performance allow the provision of ideal carriers for growth factors, bioactive compounds, 

drugs, and even cell, DNA and RNA, and scaffolds for cell proliferation and adhesion (Sill 

& Recum, 2008). Furthermore, bioabsorbility, biocompatibility, and biodegradability make 

starch fit greatly for pharmaceutical applications uses (Kong & Ziegler, 2012). Starch fibers 

can be completely absorbed into the human body without any negative side effects or even 

an allergic (Kong & Ziegler, 2014b; Wang et al., 2016). The collaboration by both starch 

matrix and compounds of functional groups can reinforce the competence to bind and entrap 

a wide range of hydrophobic and hydrophilic compounds. In contrast to the protein-based or 

lipid carrier, starch-based delivery systems are a better protective shell for bioactive 

compounds at high processing temperature due to their thermal stability (Fathi et al., 2014). 

The above benefits of starch polymer materials together with the flexibility in starch 

modification and nanofiber fabrication brings starch polymers and its derivatives best 

nominees use for in biomedical or pharmaceutical uses especially for wound dressing, tissue 

engineering, and drug delivery. 
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On top of that, starch nanofibers also have been proven to be promising as 

nanocarriers for various drugs and nutraceutical products because of the various advantages, 

such as high drug loading capacity, improved drug solubility, and stability (Pang et al., 2014; 

Rostamabadi et al., 2019), nonetheless, it comes with a drawback as starch nanofibers were 

the weak electrospun fiber-forming agent as it is brittle and highly sensitive to moisture. 

These limitations could be rectified by blending starch with linear chain polymer (Liu et al., 

2017) such as Poly(vinyl alcohol) (PVA) (Wang et al., 2011) due to PVA exhibited excellent 

spinnability properties (Supaphol & Chuangchote, 2008). Furthermore, PVA also has been 

widely used in the biomedical field as it is biodegradable, non-toxic, water-soluble, and 

hydrophilic, with great chemical and thermal stability as well as low acute oral toxicity 

(DeMerlis & Schoneker, 2003). According to studied by Šukytė and their research mate, 

done in the year 2010 showed that starch nanofibers with mean diameter size ranging from 

250 nm to 340 nm were produced at 65 kV of electrospinning (Šukytė et al., 2010). Besides, 

in 2012 Lu and her team had also reported the size of the diameter of nanofibers with a mean 

diameter ranging from 188 to 265 nm by increasing the concentration of ethanol at 16 kV. 

Ethanol could be one of the factor influence the size diameter of the nanofibers produced 

(Lu et al., 2012).  

There are numerous techniques for the preparation of nanofibers such as phase 

separation (Alghoraibi & Alomari, 2018), physical drawing (Zhang et al., 2020), wet 

chemical reduction method (Kong et al., 2015), and electrospinning (Bhardwaj & Kundu, 

2010). Phase separation is a versatile technique for fabricating of microencapsulation and 

fiber scaffolds in which this technique comprises of dissolution, gelation, extraction with 

different solvents, condensation, and drying in an orderly manner. However, the downside 

of this technique is expensive due to it uses a lot of coagulants such as ethanol and sodium 
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hydroxide. Apart from phase separation, the drawing technique is also one of the techniques 

which produced long individual strands of nanofiber (Bhagwan et al., 2019). This technique 

involved the pulling process and was followed by the solidification that turned the liquefied 

spinning material into the solid fibers. However, the setback of this technique is the limited 

material option. Only viscoelastic substances can undergo substantial deformations, while 

cohesion was needed to assist the pressures that developed during the pulling process so that 

the nanofibers can be formed nicely (Moheman et al., 2016).  

Among various methods for nanofibers preparation, electrospinning is the most 

promising as it is a relatively fast, straightforward, simple, cost-effective, and versatile 

method (Hu et al., 2014). It is the widely utilized of these approaches to fiber manufacture 

because of its flexibility. It may be used for the processing of nanofibers with strong or 

hollow interiors and structures in flat or band form, depending on the expected use (Li & 

Xia, 2004; Sharifi et al., 2016). The electrospinning method was proven to be able to produce 

non-woven fibers (Li & Xia, 2004) that were smaller in diameter than fibers fabricated by 

other methods (Jaiturong et al., 2018). Moreover, the electrospinning technique offers the 

advantage of its adaptability, its consistency in producing multifunctional nanofibers from 

various polymers ranging from a few micrometers (μm) to a few nanometers (nm), and its 

versatility in spinning a large selection of polymeric fibers.  

Both synthetic and natural biopolymers may use electrospinning to form micro- to 

nanoscale fibers. Derived biopolymers are biocompatible, biodegradable, and necessary for 

the use of drug releases, compared to synthetic polymers such as animal-related proteins 

(chitosan, hyaluronic acid, heparanic sulphate, chondroitin, collagen, gelatine, silk fibroin, 

fibrinogens, albumin, haemoglobin) or plant-derivative proteins (cellulosic, gluten, xylan, 
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soy protein, aloe vera) or carbohydrates (Sridhar, 2015; Lu et al., 2016). Nevertheless, due 

to their complex chemical compositions, low solubility, and high surface tension, natural 

biopolymers are harder to produce than synthetic polymers.  

The successful fabrication of electrospun nanofibers of polyethylene glycol (PEG)-

modified poly (lactic-co-glycolic acid) (PLGA) and exhibited a fast release profile for the 

model drug of amoxicillin (AMX) (Zhang, 2018). These electrospun drug-loaded nanofibers 

have an excellent hemocompatibility and cytocompatibility that were useful for tissue 

engineering and pharmaceutical applications.  

The electrospun starch-based nanofibers have been comprehensively studied due to 

their desirable properties, which are high surface area to volume ratios (Jaiturong et al., 

2018), high porosity (Liu et al., 2017), good adhesion, highly flexible, and superior 

mechanical strength that could be achieved simply by manipulating the electrospinning 

parameters (Deitzel et al., 2001; Rutledge & Fridrikh, 2007; Jaiturong et al., 2018). 

Electrospun fibers appeared to be versatile and useful in various applications such as in 

wastewater treatment, filtration, tissue engineering, wound dressing (Liu et al., 2017), and 

drug delivery (Bhardwaj & Kundu, 2010). Both water-soluble and insoluble polymers have 

to be blended to produce nanofibers with desirable properties for drug delivery applications 

(Das et al., 2011; Jiang et al., 2012; Tipduangta et al., 2016). Fonseca et al. (2019) had 

fabricated electrospun potato starch nanofibers loaded with carvacrol with a loading 

concentration of 40% (v/v) and a diameter of 94 nm (Fonseca, 2019). Apart from that, the 

maize starch acetate (SA) nanofiber has been studied for its potential application in drug 

delivery by Xu et al. (2009). The SA were electrospun from the SA solution using formic 

acid/water mixture, and diclofenac was loaded as a model drug. Their studies showed that 
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90% (v/v) formic acid/water was an optimum solvent system for the production of uniform 

and fine SA nanofibers. 

In recent years, there are increasing numbers of researchers focused on the 

fabrication of starch-based nanofibers from various starches such as tapioca starch 

(Sutjarittangtham et al., 2014), potato starch (Ainurofiq & Choiri, 2015; Cárdenas et al., 

2016) and corn starch (Wang et al., 2011; Kong & Ziegler, 2014a) via the electrospinning 

technique for various biomedical applications such as wound dressing, tissue engineering, 

and drug delivery (Wang et al., 2019) because of its non-toxicity, coupled with excellent 

physicochemical and biocompatibility. The electrospinning method has been used to 

produce Chlorpheniramine maleate (CPM) (antihistamine drug) loaded glutinous rice starch 

(GRS) nanofibers from 2% (w/v) GRS and 8% (w/v) of PVA for drug delivery application 

(Jaiturong et al., 2018). 

The usage of electrospun nanofibers in drug delivery has rapidly increased over the 

years due to their precious properties including a small pore size, large surface area, high 

porosity, ease of surface modification, and superior mechanical properties (Zelkó et al., 

2019). Besides, drug extracts from nanocarriers can also be tracked by physiologically 

monitoring the environment including shifts in pH, temperature, osmolality, and enzyme 

activity (Wilczewska et al., 2012). Other variables causing drug release from the formulation 

of nanoparticles materials include matrix swelling, drug solubility, drug diffusion and 

erosion, or a combination of both factors of erosion and diffusion processes (Rizvi & Saleh, 

2018). Owing to its renewability, biodegradability and functionality that can be optimized 

for the targeted distribution of drugs, natural polysaccharides like starch have been 
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developed in the last decades, as precursor materials to prepare nanoparticles in a variety of 

biomedical and industrial applications. 

 

1.2 Problem Statement  

Nowadays, drugs generally were taken through the oral route and pass through the 

gastrointestinal tract. One of the drugs commonly be prescribed is paracetamol. However, 

the drugs that enter the body would be fastly digested in our stomach (pH 1-3) before being 

absorbed into the bloodstream and to the targeted site. This caused an early release of the 

drug and reduced drug efficacy. Thus, sustainable drug delivery could not be achieved. 

Besides that, taking a high dosage of the drug would cause a side effect in our body system. 

Therefore, developing polysaccharide-based nanofibers as the drug delivery carriers is 

crucial due to it could protect the drug from being rapidly digested in highly acidic condition 

in the stomach.  

Developing polysaccharide-based nanofibers using the electrospinning technique has 

improved from time to time. However, fabrication of pure starch nanofibers is quite 

challenging, producing polysaccharide-based nanofiber. This is because sago starch has a 

few limitations such as insoluble in water but gelatinise, mechanical properties and also 

processability. According to the previous studies, starch need to be processed thermally by 

foaming extrusion and injection moulding (Liu et al., 2009). For instance, the previous study 

showed the nanofibers were not deposited uniformly at the ground collector of 

electrospinning process due to the presence of distilled water in solutions (Kong & Ziegler, 

2014a). Also, the beaded shape structure was formed. Therefore, PVA and CMC are needed 

to enhance the crosslinking and viscosity, respectively. In this study, optimized PVA 
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modified starch nanofiber was carried out via electrospinning technique by observing the 

morphological differences of the electrospun nanofibers and also determining the effect of 

CMC towards the viscosity of the solution and the structure of the electrospun nanofibers. 

To address this issue, starch nanofiber was a wise option to be applied as a drug 

nanocarrier. Therefore, in this study, sago starch was chosen as potential pharmaceutical 

excipients in tablets and capsule formulations due to its abundant in the region of Sarawak, 

non-toxic, biodegradable, low cost, and also biocompatible. 

 

1.3 Objectives 

The specific objectives of this study are: 

i. to study the effect of PVA and CMC of forming sago starch-based nanofibers 

using the electrospinning technique and its morphology 

ii. to evaluate the drug loading and drug release kinetics of starch-based 

nanofibers. 

 

1.4 Hypothesis 

In order to achieve smooth nanofibers, PVA and CMC are needed in combine with 

sago starch to reduce the mean diameter size and also increase its crosslinking respectively. 
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1.5 Scope of Study 

The scope of this study focuses on the fabrication of native sago starch-based 

nanofibers using the electrospinning technique, and evaluation of their applications as drug 

delivery systems. The first chapter focused on the general overview and background of the 

study. Chapter 2 discussed a review of starch, starch-based nanoparticles, starch-based 

nanofibers, carboxymethyl cellulose (CMC), Poly(vinyl alcohol) (PVA), electrospinning 

techniques, and information on starch-based materials for drug delivery applications. 

Chapter 3 discussed the materials, chemicals, and methods used for the fabrication of sago 

starch-based nanofibers and the studies that have been carried out to study their drug loading 

capacity and release kinetics in this study. Chapter 4, discussed the results obtained on the 

synthesis, characterization of starch-based nanofibers, and the evaluation of the nanofibers 

as potential drug carriers. Lastly, Chapter 5 presented the conclusion and recommendations 

to improve this project for future work.  
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CHAPTER 2  
 

 

LITERATURE REVIEW 

2.1 Starch 

Potato, rice, wheat, and sago represent high-carbohydrate plants that produce a large 

amount of starch granules within their tissues. Starch can be recognized to be the second-

largest biomass resource after cellulose and is widely obtainable. Starch is a polymer 

material that is sustainable, biodegradable, and biocompatible (Najafi et al., 2016). The 

starch polymer of carbohydrates is constructed by alpha glucose polymerization and consists 

of amylose and amylopectin. Amylose is derived from linear alpha-1,4 linkages, while 

amylopectin is formed from branched alpha-1,4 linkages and glucose ring units of alpha-1,6 

linkages. The OH groups are located on the starch backbone at carbon numbers 2, 3, and 6 

(C-2, C-3, and C-6), then it leads to the native starch becomes hydrophilic and modifiable 

(as seen in Figure 2.1) (Lewicka et al., 2015; Masina et al., 2017). Figure 2.1 shows 

molecular structure of starch with amylose and amylopectin units (Mathew et al., 2012). 


