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ABSTRACT

Thirty years ago, researchers blended thermoplastic starch (TPS) and polyethylene (PE)
to enhance the tensile strength of TPS and improve PE's disintegration ability to reduce
plastic waste accumulation. Despite toxic compatibilizer/crosslinker addition to
improve TPS/PE compatibility, TPS/PE compatibility was uncertain due to inconsistent
tensile strength. Plus, the PE ratio in the TPS/PE blend was high, contributing to
insignificant disintegration performance. Therefore, the incorporation of aloe vera (AV)
to replace toxic compatibilizer while acting as a crosslinker into TPS to reduce the
amount of PE used in TPS/PE film was investigated. The effects of AV and PE on TPS
characteristics and disintegration performance were evaluated. Melt-blending and hot-
press techniques were applied to produce TPS + AV + PE film, while the ISO 20200
technique was implemented to assess the disintegration performance. The formulation
yielding the best tensile strength was TPS + 30% AV + 10% PE, with an average of
9.64 MPa due to the crosslinking effect that occurred between TPS and 30% AV gel
and grafting formation between TPS + 30 % AV with 10% PE. The increment in melting
and decomposition temperatures of TPS + 30% AV film verified the crosslinking
performance between TPS and 30% AV. At the same time, the grafting of 10% PE on
TPS + 30% AV film is supported by a decrement in water solubility percentage. The
film's thickness, visual appearance, functional group changes, and crystallinity were
also assessed. The TPS + 30% AV + 10% PE was considered biodegradable since 99%
of the film disintegrated in the synthetic solid waste based on 1SO 20200. The Hill
model was chosen as the most suitable kinetics model to represent the disintegration
behavior of TPS + 30% AV + 10% PE with the highest R?, lowest RMSE, and accuracy
factor (AF) greater than one and closer to 1. Three phases of the disintegration process
were proposed: fragmentation, hydrolysis, bioassimilation, and mineralization. The
increment in weight loss percentage, void formation, and TPS functional compound
disappearance suggested the proposed disintegration process. The increment in water
contact angle percentage validated the disintegration mechanism. In conclusion, this
study revealed the benefits of 30% AV gel and 10% PE in enhancing the TPS film. The
disintegration ability of TPS + 30% AV + 10% PE within 90 days based on 1SO 20200
suggests its high potential to be used as a commercialized biodegradable film packaging
with a suitable application.
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CHAPTER ONE
INTRODUCTION

1.1 Research background

Malaysia had a severe challenge when it was rated seventh in 2010 in plastic
trash production, and the value kept increasing over time (H. L. Chen et al., 2021;
Jambeck et al., 2015). Worsening the condition, since 2017, Malaysia has been the
world’s largest importer of plastic waste. Yet, in 2018, Malaysia produced more than
0.94 million tonnes of mismanaged plastic waste per year (Malaysia’s Roadmap
towards Zero Single-Use Plastics 2018 - 2030, 2018). Food producers are among the
most notable users of plastic as a principal packaging material. The increased use of
plastic results from human habits, as purchasing packaged meals is preferable (Jaafar et
al., 2018; Majid et al., 2018). Due to this worldwide challenge, the demand for green
goods and ecologically sustainable techniques has surged. Industries seek
biodegradable plastics to replace conventional plastics (Ministry of Environment and
Water (KASA), 2021). Plus, the depletion of fossil fuels, which are non-renewable
resources, and the difficulty of decomposing have added to this concern (Majid et al.,
2018; Yun et al., 2018). The demand for bio-based food packaging is primarily due to
worries about food safety and increased knowledge about environmental issues, most
notably the inability of plastic to disintegrate even after a long period (Dominguez et
al.,, 2018). Numerous studies have been conducted to develop biodegradable,
renewable, and edible food packaging (Pifieros-Hernandez et al., 2017). Unfortunately,
synthetic-based polymer packaging accounts for more than one-third of worldwide
sales. Degradable plastics are still far behind the production of synthetic-based polymer
packaging (Datta & Halder, 2018; Layla & Rothenberg, 2021).

Conventional plastics for food packaging applications are made from
polyethylene (PE). PE is derived from petroleum and is known as a synthetic polymer
used in most packaging material applications because of its excellent commercial
success (Makhtar et al., 2013). High-density PE (HDPE), linear low-density PE
(LLDPE), and low-density PE (LDPE) are the three common PE types with different
chemical structures. PE is used to develop films to make plastic bags, wraps, and mulch

films (Khanoonkon et al., 2016). PE is very stable and works well for packaging films
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