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ABSTRACT

The demand for food safety by consumers promotes continuous improvement of
active packaging systems for food product and is recently increasing. The safety
issues of food-packaging industries directed the attention towards biodegradable
packaging applications. Therefore, this research aims to develop a polylactic acid
(PLA) reinforced with durian skin fibre (DSF) biocomposite film for active food
packaging. In the biocomposite, epoxidized palm oil (EPO) was added as a plasticizer
and cinnamon essential oil (CEO) was added as an antimicrobial agent. Supercritical
carbon dioxide (SCCO.) method was employed as treatment to improve dispersion of
DSF in the biocomposite. The effect of DSF content, EPO and CEO were studied in
terms of thermal, structural, mechanical, and functional properties of the PLA
biocomposite film. The PLA biocomposites were produced via solvent casting
method. The process started with the optimization of DSF content, EPO, and CEO
based on the tensile test. Design Expert software version 6.0.8 via response surface
method (RSM) was used to analyse and determine the highest values of tensile
strength and tensile modulus. The selected optimum values were at 3 wt % DSF, 5 wt
% EPO, and 1 wt % CEO. The P-value of both responses was less than 0.05, while the
coefficient, R?, is nearly 1.0 which confirms that the tensile properties model is
significant. Once optimized, the PLA biocomposites were treated by supercritical
carbon dioxide. The conditions of CO: treatment on PLA biocomposite were
conducted at 2 conditions under 40 °C temperature and at 100 bar and 200 bar
pressure. Tensile properties of PLA-DSF biocomposite improved by about 5% after
SCCO, treatment at condition 1 (40 °C; 100 bar). Scanning electron micrograph
revealed that a porosity was induced in SCCO; treated PLA biocomposite. The
elongation of treated PLA-DSF biocomposite increased with the addition of EPO and
CEO. The presence of aldehyde as a functional group was evident in Fourier
transform infrared (FTIR) analysis spectroscopy. From thermogravimetry analysis
(TGA), the SCCO: treated biocomposite with the addition of DSF, EPO and CEO at
condition 2 (40°C; 200 bar) has resulted the lowest weight loss due to the degradation
effect of thermal. Differential scanning calorimetry (DSC) analysis shows that the
SCCO. treated biocomposite possessed the highest crystallinity as compared to
untreated biocomposite. Similarly, tensile strength of the SCCO. treated biocomposite
also possess high tensile strength. Water absorption test showed that the sample
untreated with DSF of PLA biocomposite absorbs most water as compared to other
compositions with 5.1%. This is due to the hydrophilic nature of fibre that easies to
absorb water molecules. Soil burial test showed that the sample of treated PLA and
DSF possessed the highest value of weight losses after 80 days with 97.8 %.
Biocomposite with CEO demonstrated antimicrobial activity against both gram-
positive and gram-negative bacteria. The treated PLA biocomposite is whiter,
indicating the potential as an active food packaging material. The supercritical fluid
treatment of PLA biocomposite is significant for active packaging industries to ensure
the packaging meets the requirement by consumers and is eco-friendly.
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CHAPTER ONE

1 INTRODUCTION

1.1 BACKGROUND

Food packaging is known as a coordinated system of providing food for carriage,
distribution, packing, trade and end-use to fulfil the consumer expectations. Consumer
requirements for secure, environment-friendly and high-quality packaging materials
have been increased, and therefore technical development for the garbage disposal
problems are being resolved (Anuar et al., 2017). Due to renewability,
biodegradability and commercial viability, development of biodegradable materials is
interesting in the food packaging sector, since it provides a replacement to the usage
of synthetic products (Nur Aimi et al., 2014). Other than that, production of
biopolymer products can be an initiative income in the agriculture industry.

PLA is one of the most promising candidates among the renewable source-
based products, due to its availability, biocompatibility, excellent tensile strength,
good processability and biodegradability, which is a significant benefit from an
environmental perspective. Biodegradable films produced from starch crops are
defined as odour-free, flavourless, neutral and non-toxicity (Yussuf et al., 2010).
Presently, in food packaging sector, PLA is used in wraps for bakery and
confectionary products, disposable food service tableware items, packaging for fresh
products and water bottles. Despite the benefit features, mechanical properties of PLA
are unsatisfactory for packaging applications due to brittleness. The reinforced PLA
matrix with fiber is believed to improve its mechanical performance (Gunti et al.,

2016). Advance technology driver is the development of biocomposite technology,



which also promotes new potentials for biopolymers plastics. The production of
biocomposites is considered to be beneficial in various industries, as biocomposites
application is gradually increasing and gaining significance through alternative
synthetic-based materials, making them suitable primarily for packaging purposes.

Worldwide, natural fibers are more environmentally friendly and can decrease
the environmental problems due to the biodegradable properties compared with
synthetic fibers. In order to produce bio-composites while preserving the green
features, biopolymers plastics must be reinforced with natural fiber (Kumar et al.,
2010). The development of biocomposite materials by using durian skin waste can be
one of the beneficial approaches for increasing and enhancing the utilization of
agricultural wastes. Durian skin fiber (DSF) has best features to be used in reinforcing
filler for PLA biopolymer (Wan Nazri et al., 2014). Durian or, it scientific name,
Durio zibethinus Murray can be found in Southeast Asian countries such as Malaysia,
Thailand, Indonesia and Philippines. To preserve the green environment, the durian
skin waste can be used to produce durian skin fiber (DSF). This attempt could finally
decrease environment pollution by decreasing the amount of organic wastes.

Besides, the processability of films can be increased with plasticizers that
contribute to decreasing the glass transition temperature (Tg) and enhance the polymer
chain flexibility (Ali et al., 2016). Some researchers acknowledge that the natural
plasticizers are better, which can be found naturally extracted from animals, vegetable
fats and plants oil (Silverajah et al., 2012; Chieng et al., 2014). Among the natural
plasticizer, epoxidized palm oil (EPO) is favourable plant oil due to its characteristics
like inexpensive, non-toxicity and availability as a renewable agriculture resource.

Nowadays, the safety issues of food are utterly worrisome in the world.

Handling food packaging safety is just significant at the consumer level because many



of them have contaminated on food (Souza et al., 2013). These big issues may distract
many researchers involved in plastic manufacturing. Due to the problems highlighted,
there is a necessity to produce food packaging with an anti-microbial agent and
preventing food contamination. Demand in the application of active packaging
systems for food production has increased lately. Bacteria and fungi are examples of
active microorganisms which may have migrated through direct interaction between
food and packaging material or via gas phase diffusion from inside packaging layer to
the food surface (Qin et al., 2015). Most of these living organisms may cause
undesirable responses which can damage organoleptic and nutritional value of food.
Hence, PLA biocomposite displays potential as a biodegradable packaging material in
the presence of antimicrobial functionality (Debiagi et al., 2014).

Active packaging materials in the presence of antimicrobial agents like
essential oil may be considered as the contemporary advancement of functional
packaging. This antimicrobial agent in biocomposite films can avoid almost all
bacteria activities that affect the food contamination (Erdohan et al., 2013). Essential
oils’ characteristics are volatile, natural and have a strong odour, extracted from
different sections of plants such as leaves, stems or roots. The production of essential
oil can be exploited as natural antimicrobials agent and can be used as one of the
additives for food (Anuar et al., 2017). The incorporation of essential oil in
biocomposite material as secure antimicrobials is expected to be non-harmful for food
product and human application. Cinnamon has been used as a spice long time ago.
The combination of essential oils into viscous biocomposite solvents via solvent
casting has some disadvantages mostly due to hydrophobic oil behavior by EPO and

CEO which make it difficult to become a homogeneous film. Therefore, supercritical



carbon dioxide (SCCO) treatment is introduced in this study to employ PLA
biocomposite films as the plasticizing agent.

The SCCO, process can present an effective and beneficial medium for
polymer processing. The major benefits of polymer treatment with SCCO; include
processing at low temperatures, allowing a large amount of CO: into different kinds of
a polymer including synthetic and biopolymer and rapidly complete solvent
elimination from the final product (Souza et al., 2013). Besides its greener
characteristics, SCCO is chemically inert, inexpensive, easily purchased, non-
flammable and highly pure. CO> gas is a suitable solvent for non-polar constituents
and dissolves in most polymer compounds (Milovanovic et al., 2017). This facilitates
the incorporation of substances that can be used as organic solvents, plasticising agent
and impregnation medium in specimens processing. The thermal properties are
affected by the SCCO. process as the CO> solvent generates a molecular like lubricant
(Souza et al., 2014; Adamovic et al., 2018).

In short, SCCO; offers regulated product quality and safety as well as efficient
time and energy management. The mould and die industry is a rapidly growing
industry with high demands especially in the aerospace and automotive parts. For this
industry, improving production and at the same time providing the best quality of
products is essential. To fulfil these criteria, conventional machining is less favourable
compared to high-speed machining thus making the latter more relevant in today's

fast-moving world.



1.2 PROBLEM STATEMENT AND ITS SIGNIFICANCE

Worldwide, the rising awareness concern on environment problems has cause
excessive research on the development of greener technology. Despite the high cost of
plastic waste disposal and the effect of hazardous productions on living organisms, the
demand for the utilization of bio-based products is increasing rapidly. The application
of bio-based composite showed a great performance since past few years for
numerous reasons such as the abundance of material, low cost, environment
preservation, renewable source and ease of production. From this strategic concept, it
assists to support the industry and more concentration on the main issues where the
value of bioplastics is that of a resource.

PLA is the most recommended material as it has excellent properties in
compostability, biodegradability, transparency and safety. Despite these outstanding
features, high brittleness of PLA causes limited application (Mekonen et al., 2013).
Thus, PLA matrices cause many disadvantages in the packaging industry.
Improvement of biocomposite materials for food packaging by using PLA and DSF
can be one of the alternative approaches to solve energy and environmental problems,
but long-term experimental exposure will affect the durability and flexibility of
biocomposite film. Agricultural crops are abundant and available. This problem also
leads to ecological crisis due to extreme burning in open air. Therefore, by utilising
agriculture waste, this environmental problem could be reduced. Durian skin waste is
also one of the crops which can easily be obtained everywhere in the market. Durian
skin fiber (DSF) was selected to be used as reinforcement with the matrix material.
Nur Aimi et al. (2015) already reported in their study that DSF has great potential
when embedded with polymer matric due to its lignocelluloses characteristics. In

addition, the behaviour of polymer matrices may be modified by adding DSF as



reinforcement. However, there are also drawbacks reinforced natural fiber into
polymer matrix. The incompatibility between hydrophobic polymer matrix and
hydrophilic fibers can lead to poor mechanical properties of the specimen (Layth et
al., 2015). In this study, mechanical and functional tests of PLA reinforced DSF
biocomposite were carried out along with the thermal behavior of the biocomposite
film.

Many researchers experimented the addition of plasticizer and fiber to improve
the mechanical properties of polymer matrices (Ali et al., 2016). For this study,
epoxidized palm oil (EPO) as a plasticizer was used to improve the flexibility and
processability of PLA biocomposite. The natural plasticizer is preferred by industries
as well as consumers due to the safety of the packaging material. Other than that, the
increasing demand of consumers and manufacturers for antimicrobial food packaging
product in order to ensure food safety is guaranteed. Microorganisms or bacteria can
be formed due to the surrounding or due to the long period. So, the addition of
cinnamon essential oil (CEO) can avoid the growth of living organisms over food
inside food packaging of a product. To deal with this problem, the development of
food packaging which incorporates antimicrobial properties was fabricated to improve
the package functionality. Supercritical carbon dioxide (SCCO2) method was used as
treatment in this study. Other study reported SCCO. impregnation was employed to
improve the processability (Souza et al., 2014). PLA biocomposite film derived from
supercritical carbon dioxide (SCCO.) method due to it being environment-friendly,
high purity, low plasticization effect and no microbial activity. With these benefits, it
is expected that the PLA/DSF-EPO filled cinnamon essential oil (CEO) has the

potential for active food packaging application.



Although there are numerous researches on the performances of the PLA
biocomposite, there is still a gap for further studies and investigation on their
properties and performance. The studies can vary from the method of biocomposite
production and use of different natural fibers to investigate with different types of

tests and experiments.

1.3 RESEARCH OBJECTIVE

The main objective of this research is to develop the application of PLA-DSF
biocomposite packaging that can offer optimum properties as reinforcement material
for PLA polymer matrices. In order to achieve these main objectives, several specific
objectives need to be addressed as below:
i.  To determine the optimum content of durian skin fiber (DSF), epoxidized palm
oil (EPO) and cinnamon essential oil (CEO) based on tensile properties of
PLA biocomposite.
ii. To investigate the effects of SCCO2 treatment on the tensile properties,
functional gropu, degradation, morphology snd antimicrobial activity.
1.4 RESEARCH SCOPE
In this research, the optimum composition of PLA biocomposite was obtained using
the design of experiment through the at different parameter (1, 3 and 5 wt%). EPO (0,
5 and 10 wt%) was added as a stabilise between PLA matrix and DSF reinforcement.
CEO ( 0, 1, and 3 wt%) were incorporated as an antimicrobial agent in order to
fabricate active food packaging from this biocomposite film. Biocomposite with
composition of PLA, :DSF, :EPO, :CEO of 91, :3, :5, 1: which recorded highest result
of tensile properties from DOE was selected for produce PLA films in this

experiment. For sample preparation, the raw materials underwent solvent casting and



supercritical carbon dioxide (SCCO2) processes so as to improve dispersion and the
plasticising behavior of biocomposite films. However, there is few study on SCCO;
treatment on PLA/DSF-EPO with an antimicrobial agent as food packaging
application. Thus, in this research, further testing on the effect of SCCO2 on PLA
biocomposite was investigated in comparison to the other common biocomposite

analysis (mechanical, thermal as well as morphological analysis).

1.5 THESIS ORGANIZATION
In this research,there are five chapter, each chapter contains each introduction and
description in order to identify respective objectives of this research. In Chapter 1, the
introduction and overview of the research is briefly discussed. This includes the
problems and significance of the research, as the novel development of PLA
biocomposite film as packaging and SCCO. treatment on film which never been
reported before, are all disscused. The PLA biocomposite procedure from solution
casting and treated under SCCO: has bright prospect in the industry, which is
consisely explained in the introductory part. Suggestions and ideas to overcome such
problems are also stated in this section. Moreover, the objectives to develop PLA
biocomposite is briefly stated. This will be followed up n Chapter 2, which describes
the historical aspects of PLA as well as physicals and chemical properties of PLA
matrices, DSF, EPO and CEO. This chapter also explained the theoretical background
for each step used to produce the treated SCCO, PLA biocomposite.

Chapter 3 describes, in detail, the experimental set-up, analytical procedures
and treatment process involved, through the aid of flow charts, tables and figures for a
better understanding. This chapter comprises the types of materials used as well as the

equipment and apparatus. the analytical approaches are also revealed in this chapter,



used to determine composition of material used which are PLA, DSF, EPO, and CEO
and characterisation test for PLA biocomposite also presented.

The outcomes of this research are presented in Chapter 4. This chapter covers
several different tests to assess the mechanical, thermal and functional properties of
the PLA biocomposite. The results achieved, are discussed comprehensively with the
provides support of different reference sources. Finally, Chapter 5 concludes the

whole study and specify recommendations for future research works.



