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ABSTRACT

Plastic waste has become a significant issue globally, especially in the medical field,
where most of the products are petroleum-based plastics. In this research,
polysaccharide base films were utilized to overcome this issue. Polysaccharide
materials such as thermoplastic sago starch (TPSS) promote wound healing; however,
an infection is more likely to occur. Halloysite nanotubes (HNTS) are a biocompatible
material that is used in medical applications. In this research, halloysite was modified
by dispersing it with chloramphenicol solution. Chloramphenicol was loaded into
halloysites using a magnetic stirrer. Thermoplastic sago starch (TPSS)/modified
halloysite (MHNTS) biocomposite films were developed using the solution casting
method. In addition, starch/ halloysite biocomposites films also were produced for
comparison. Surface morphology characterization was done for the halloysite
nanotubes, where it showed agglomerations of the modified halloysite. The scanning
electron microscopy (SEM) images showed a good dispersion of the natural halloysite
in the polymer matrix compared to the modified halloysite. Besides, modified halloysite
shows higher agglomeration with further addition. X-ray diffraction spectra of the
starch films showed an alteration with the addition of halloysite nanotubes, indicating
intercalation of halloysites in the TPSS matrix. FTIR peaks of TPSS also showed
changes with the addition of halloysite. The tensile properties demonstrated the
mechanical properties of the halloysite/ thermoplastic sago starch. HNT and MHNT at
0.25 wt.% had slightly improved the tensile strength of the TPSS from 3.69 MPato 4.11
and 3.76 MPa, respectively. However, the tensile strain was reduced when halloysite
was introduced to the polymer matrix. The water absorption was decreased from
72.96% to 58.62% at 0.25 and 1 wt.% of HNT. Meanwhile, MHNT reduced the water
absorption rate from 72.96% and 53.13% at 0.25 and 1 wt.% of MHNT, respectively.
This reduction is attributed to its encapsulation of the chloramphenicol antibiotics which
is a highly hydrophobic substance. Halloysite in nature is not an antimicrobial agent,
and this was observed from the disc diffusion method. However, when HNT was
modified using an antimicrobial substance, it successfully showed good susceptibility
to bacterial culture. This indicates the ability of MHNTS to be used as an antibacterial
carrier for wound dressing materials. The soil burial method was used to evaluate the
biodegradability of TPSS biocomposites. MHNT has significantly reduced the
biodegradability of TPSS compared to pure HNT. This leads to the fact that MHNT had
good antimicrobial properties, which lead to the MHNT/TPSS to withstand the
degradation from microbes in the soil. Results showed that halloysite could be a
potential carrier for antibacterial agents. The thermoplastic sago starch can be an
effective composite when incorporating with modified halloysite to withstand bacterial
attacks. This research opens new doors for halloysite nanotubes to be further studied for
carrying antibacterial substances or other drugs.
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CHAPTER ONE

INTRODUCTION

1.1 BACKGROUND

Wound and injuries had always been one of the significant problems for public health.
The world health organization (WHO) has announced in 2000 that around 5 million
people died from injuries. Moreover, in the same year, Malaysia had 13,401 injury
cases, and it was estimated that 440 cases were deadly (Hasni, Junainah, & Jamaliah,
2003). In addition to mortality, the formation and healing process of wounds is a minor
problem. However still, it is considered a big issue because it might lead to other major
health problems. The number of injuries that occur every year worldwide are countless
due to surgical procedures, ulcers, and burns that do not heal. A wound is a physical
injury that usually damages the underlying tissues, and it is considered one of the most
extensive clinical challenges in the world (Merriam & Webster. 2015). Some wounds
like foot and pressure ulcers occur because of complications of some diseases such as
diabetes, and these wounds are called chronic wounds. There is another type of wound
called acute wounds, which are caused by skin injuries. These wounds are less harmful
than chronic wounds because they can be healed more easily (Hasni, Junainah, &
Jamaliah, 2003). Throughout history, several wound healing methods have been used
to improve the healing process of wounds. Although wounds can heal naturally on their
own, some factors delay wound healing, such as bacterial infections or exudate
production at the wound surface. Therefore, the treatment and management of wounds

are essential aspects to avoid the mentioned problems. Moreover, the market value for



care products used to treat wounds was estimated at 62.6 billion MYR in 2010,
reflecting an increase in global clinical demand for those products (Sen et al., 2009).
The dressing provides wounds with the right environment under certain pathological
conditions that make them heal at a maximum rate while giving a cosmetically
acceptable appearance; they protect the wound from external influences and keep them
moist to ensure proper healing. Modern dressings absorb wound exudate to control the
healing process. Interestingly, to improve the absorption of wound exudates, dressings
should be incorporated with a bioactive material such as polysaccharides (Sweeney,
Miraftab & Collyer, 2012). It is important to note that wound treatment interventions
like dressings could support and accelerate the healing process. Hence, selecting the
right wound healing materials by considering the healing ability and antimicrobial
activity are essential aspects of dressing innovation. Polysaccharides are biologically
derived polymers that had been extensively used as wound healing dressing material.
And this is because of their availability, versatility, biocompatibility, and antimicrobial
properties (Chen & Chang, 2008). Chitin, cellulose, starch, and glycogen are types of
polysaccharide which have been extensively reported to be a suitable material in the
medical industry, thus in this project, the sago starch (SG) polysaccharide is proposed
as a potential candidate for fabricating of the films.

On the other hand, halloysite nanotubes (HNT) would help increase the mechanical
properties and be an effective candidate as antimicrobial agents in wound healing
application. HNT has a hollow structure, which has a tunable surface property and
capable of encasing antiseptics. One of the most practical features of HNT is that they
do not require expensive and high energy-consuming processes of exfoliation. Several
reports were devoted to producing polymeric films and membranes containing

antibacterial compounds incorporated with HNT (Morrison, Misra & Williams. 2016).



Therefore, the preparation and characterization of thermoplastic sago starch- halloysite
nanotube composites, as wound healing application, will be presented in the later

section.

1.2 STATEMENT OF THE PROBLEM

Polymers are materials that are suitable for all medical applications due to their vast and
varied properties. In the past decade, plastic waste has become a significant issue
globally, especially in the medical field, where most of the products are petroleum-
based plastics. These plastics are harmful to people and the environment because
petroleum plastics are non-biodegradable and very damaging. An appropriate wound
dressing material should extract exudates and toxic substances from the surfaces of the
wound, facilitate gaseous exchange, protect the wound from bacterial infection, retain
high moisture at the wound/dressing site, and it should be removed safely without
damaging the wound (Dhivya, Padma & Santhini, 2015). Many researchers have
adopted the use of biopolymers since there are more environmentally friendly, and most
importantly, biocompatible many in the medical application (Waghmare et al., 2018;
Adeli, Khorasani & Parvazinia, 2018; Hassan et al., 2017; Baghaie et al., 2017; Amal
et al.,2015). Films are the most ideal for wound dressing, and biopolymers-based
material would be used as a based material because of its non-toxicity and
biocompatibility compare to synthetic polymers. Polysaccharide polymers such as
thermoplastic sago starch (TPSS) films have been successfully developed at 1HTUM
(Ahmad, Hermain & Abdul Razak, 2015; Ahmad, Hermain & Abdul Razak, 2018).
Besides, researchers have proven polysaccharides starches to be valid materials for

wound dressing applications (Mandal et al., 2014; Amal et al., 2015). Polysaccharides



wound dressing materials such as starch promote and speed up the healing process
during the wound healing process. However, starch hydrophilicity absorbs the exudates
from the wounds during the healing process, which causes most likely promotes a
bacterial infection that slows the healing process. Therefore, an antimicrobial agent
needs to be used to overcome this issue (Mandal et al., 2014; Ramnath et al., 2012).

Halloysite nanotubes (HNT) have been used widely in drug delivery and tissue
engineering scaffolds in the medical field. Halloysite does not have any antibacterial
effect, and many studies reported that HNT needs to be modified to have the
antibacterial impact (Kurczewska et al., 2017; Makaremi et al., 2017; Biddeci et al.,
2016). In this research, modified HNT is proposed as the antibacterial filler for the
wound dressing film. The advantage of the halloysite as the antibacterial carrier or filler
is due to its hollow structure. Therefore, besides the HNT is reported to have a good
impact on polymer composites’ mechanical and thermal properties with a little bit of

modification, it is expected to give suitable antimicrobial activities.

1.3 RESEARCH OBJECTIVES

The study aims to develop sago starch (SG) wound dressing incorporated with
Halloysite nanotubes (HNT) as a carrier for antimicrobial agents for wound healing.
And to obtain this aim, several objectives need to be achieved:
1- To characterize the microstructure of halloysite nanotubes and TPSS / HNT
nanocomposites. In addition to identifying the functional groups and

crystallinity of the nanocomposites.



2- To evaluate the effect of unmodified halloysite nanotube and modified
halloysite content on the physical (water absorption), mechanical (tensile),
and degradability properties of the TPSS/HNT nanocomposite films.

3- To investigate the antimicrobial properties of TPSS/HNT nanocomposite

using Kirby-Bauer disk diffusion method.

1.4 SIGNIFICANCE OF RESEARCH

This research introduced a wound dressing developed from biocompatible, nontoxic,
inexpensive, widely available, and biodegradable resources. The produced
biocomposite was made from sago starch, halloysite nanotubes, distilled water, and
plasticizer glycerol in casted films. This developed biocomposite reduced the
dependency on synthetic polymer materials used in the wound dressing industry since
that waste is harmful to the environment and costly to damp it. Sago starch is widely
available in malaysia. With this new era of advanced biomaterial to replace synthetic
polymers, it opened many doors in the research industry to utilize such materials for
medical application. Halloysite is a well-known material used in drug delivery and
many medical applications. In this research, tuned and modified halloysite opened new

doors for wound dressing applications, especially with biocompatible sago starch.

1.5 SCOPE OF THE STUDY

This scope of the research focuses on the development and preparation of
biocompatible wound dressing films of sago starch filled with halloysite nanotubes
(HNT). This research evaluated the effect of modified halloysite nanotubes content on

the sago starch at different loadings. HNT was modified by mixing it with antibiotics in



a magnetic stirrer until completely dissolved. A comparative study compared the
addition of unmodified HNT & modified HNT to thermoplastic sago starch and their
effects on antimicrobial activities, chemical bonding, crystallinity, biodegradability,

microstructure, physical and mechanical properties of the wound dressing films.

1.6 DISSERTATION ORGANIZATION

Five chapters organize this research work. Chapter one introduces the wound dressings
and the environmental and health issues that could result from it and ways to overcome
these problems; it also shows the objectives of this research and the significance and
scope of this study. Chapter two is a theoretical description of the sago starch, halloysite
nanotubes, and reviews of the recent literature of their uses in the medical field. Chapter
three describes comprehensively the experimental setup and work procedures that are
adopted by this research. It also discusses the work fabrication and experimental works
to produce the biocomposite films and characterization method to evaluate the
properties of wound dressing material. Subsequently, chapter four discusses and
evaluates thoroughly the results obtained from experimental work. Finally, chapter five
presented a general conclusion and recommendation for further research based on the

findings from this work.



CHAPTER TWO
LITERATURE REVIEW

2.1 INTRODUCTION

A suitable wound dressing material should extract exudates and toxic substances from
the surfaces of the wound, facilitate gaseous exchange, protect the wound from bacterial
infection, retain high moisture at the wound/dressing site, and it should be removed
safely without damaging the wound. This chapter will extensively explain the type of
wounds, wound healing process, the polysaccharides material, and the reason to be a
suitable candidate for medical application, especially in wound dressing scaffold,
membranes, and films. Starch is a type of polysaccharide, and this section will have an
explained review on the structure and properties of starch and what research had
reported about starch and its uses in the medical field. Many scholars have extensively
studied halloysite nanotubes, so a review about halloysite nanotubes' structure,

properties, and applications are also covered.

2.2 TYPE OF WOUNDS

Generally, wounds can are classified into two major types such as acute and chronic, as
shown in Figure 2.1. Acute wound involving both the epidermis and superficial dermis,
or full-thickness in which the subcutaneous layer is compromised (Driefke, Jayasuriya,
& Jayasuriya, 2015). Conversely, chronic wounds occurred due to the complications of
other disease processes such as foot ulcers from diabetes, pressure ulcers resulting from
spinal cord injuries, and fungating or malignant wounds. The details of each

classification are described in the sub-section below



In general, wounds can be categorized into two main sections acute and chronic, as

shown in Figure 2.1

CLASSIFICATION OF WOUND

ACUTE WOUND CHRONICWOUND

¢ Surgical ¢ Footulcers
incisions ¢ Pressure ulcers

¢ Minor bums ¢ Diabetic ulcers

e Traumatic * Fungating or
wounds malignant

e Laceration and wound
abrasions

Figure 2.1: Wound classification

2.2.1 Chronic Wounds

Chronic wounds are characterized by cellular aging, recurrent infections, and delayed
healing (Schultz et al., 2011). There are differences between acute wounds and chronic
wounds. The wound healing process tends to heal acute wounds after 3 weeks, and
chronic wounds take at least 3 months to continue. The healing of wounds, including

acute and chronic wounds, is one of the significant clinical challenges of the world.

2.2.2 Acute Wounds

Minor burns, surgical incisions, and some traumatic injuries are examples of acute
wounds with significant complications associated with each injury. In this research, the
focus will be on acute wounds mostly. A critical wound is damage that occurs on the

skin. The main difference between an acute wound and a chronic wound is that the acute



