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ABSTRACT

Millions of tons of food plastic packaging have been produced and deposited
for decades. These types of plastics are made of petroleum-based materials and they
are called synthetic plastics which are expensive, toxic, totally non-biodegradable
and may contribute to environmental pollution. Great concerns regarding
environmental issue has produced an alternative idea to replace the synthetic plastic
with biodegradable plastics based on sago starch. This research focuses on the
synthesis and characterization of biodegradable sago film formulation. In order to
obtain the optimal conditions in developing the films, optimization process has been
carried out. The sago film formulations were characterized using scanning electron
microscopy for the morphology study of film formulation. Fourier transform infrared
spectroscopy had successfully shown the chemical structure and bonding while
cinnamaldehyde had successfully inhibited E. coli bacteria growth by using agar
diffusion method. A central composite design technique from response surface
methodology was used to investigate the effects of independent variables on
biodegradable sago film formulation properties. Biodegradable sago film formulation
was analyzed for tensile strength (TS), elongation at break (EB), elastic modulus
(EM) and water vapor permeability (WVP). The statistical analysis results show that
the data appropriately fitted a second-order polynomial model where the coefficients
of determination, R® are 0.8192, 0.8451, 0.8036 and 0.8941 for TS, EB, EM and
WVP respectively. The independent variables of linear sago/chitosan blend and
quadratic cinnamaldehyde had significant effect on TS. The linear cinnamaldehyde
and guadratic cinnamaldehyde and glycerol/sorbitol-plasticized had significant effect
on EB. Meanwhile, EM was significantly affected by both linear sago/chitosan and
cinnamaldehyde and quadratically by glycerol/sorbitol-plasticized. The WVP was
significantly affected by both linear sago/chitosan and glycerol/sorbitol-plasticized.
The results show that the best film formulations for sago film formulation within the
experimental ranges are 16.36 wt.% sago/chitosan, 41.11 wt.% glycerol/sorbitol and
0.7350 wt.% cinnamaldehyde for 135.49 MPa of TS; 57.01 wt.% sago/chitosan,
59.14 wt.% glycerol/sorbitol and 0.6400 wt.% cinnamaldehyde for 0.6012% EB and
41.03 wt.% sago/chitosan, 30.32 wt% glycerol/sorbitol and 0.8364 wt.%
cinnamaldehyde for 8.45x10° MPa of EM. Furthermore, for the optimum
composition of 1x10” g/Pa.s.m? of WVP, the experimental values are 79.66 wt.%
sago/chitosan, 83.64 wt.% glycerol/sorbitol and 0.5430 wt.% cinnamaldehyde.
Finally, the present findings indicate that the biodegradable sago-based film can be a
potential plastic packing with appropriate optimized formulation values.
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ABSTRAK

Berjuta tan pembungkus plastik makanan telah dihasilkan dan disimpan
selama beberapa dekad. Plastik jenis ini adalah diperbuat daripada bahan yang
berasaskan petroleum dan dipanggil sebagai plastik sintetik di mana ianya mahal,
bertoksik dan tidak mesra alam serta menyumbang kepada pencemaran alam sekitar.
Kebimbangan besar mengenai isu alam sekitar membawa kepada penyelidikan dalam
bidang ini dan memberi idea alternatif untuk menggantikan plastik sintetik dengan
plastik mesra alam berasaskan kanji sagu. Kajian ini memberi tumpuan kepada
sintesis dan pencirian formulasi filem sagu terurai. Untuk mendapatkan keadaan
optimum dalam pembentukan filem, proses pengoptimuman telah dijalankan.
Formulasi filem sagu telah dicirikan menggunakan mikroskop imbasan elektron
untuk mengkaji morfologi pembentukan filem. Spektroskopi inframerah transformasi
Fourier telah berjaya membuktikan kewujudan struktur kimia dan ikatan manakala
sinamaldehid berjaya menghalang pertumbuhan bakteria E. coli dengan
menggunakan kaedah penyerapan agar. Teknik reka bentuk komposit pusat daripada
kaedah gerak balas permukaan telah digunakan untuk mengkaji kesan pembolehubah
kajian terhadap pembentukan filem sagu. Pembentukan filem sagu telah dianalisis
untuk kekuatan tegangan (TS), pemanjangan pada waktu rehat (EB), modulus elastik
(EM) dan kebolehtelapan wap air (WVP). Keputusan analisis statistik menunjukkan
bahawa data yang diperoleh dengan sewajarnya berpadanan dengan model
polinomial tertib kedua dengan nilai pekali, R?, 0.8192, 0.8451, 0.8036 dan 0.8941
untuk TS, EB, EM dan WVP. Komposisi pembolehubah sagu/kitosan linear dan
sinamaldehid kuadratik mempunyai kesan yang besar ke atas TS. Sinamaldehid
linear dan sinamaldehid kuadratik serta keplastikan-gliserol/sorbitol telah memberi
kesan yang besar ke atas EB. Manakala, EM telah terjejas dengan ketara oleh kedua-
dua komposisi sagu/kitosan dan sinamaldehid linear dan keplastikan-gliserol/sorbitol
kuadratik. WVP telah terjejas dengan ketara oleh kedua-dua sagukitosan dan
keplastikan-gliserol/sorbitol linear. Keputusan menunjukkan bahawa komposisi
pembentukan filem sagu terbaik adalah dalam julat eksperimen 16.36 wt.%
sagu/kitosan, 41.11 wt.% gliserol/sorbitol dan 0.7350 wt.% sinamaldehid untuk
menghasilkan 135.49 MPa TS; 57.01 wt.% sagu/kitosan, 59.14 wt.% gliserol/sorbitol
dan 0.6400 wt.% sinamaldehid untuk menghasilkan 0.6012% EB dan 41.03 wt.%
sagu/kitosan, 30.32 wt.% gliserol/sorbitol dan 0.8364 wt.% sinamaldehid untuk
menghasilkan 8.45x10° MPa EM. Tambahan pula, komposisi optimum untuk 1x10°
g / Pa.s.m? WVP memerlukan nilai eksperimen 79.66 wt.% komposisi sagu/kitosan,
83.64 wt.% gliserol/sorbitol dan 0.5430 wt.% cinnamaldehida. Akhir sekali, hasil
kajian ini menunjukkan bahawa filem mesra alam yang berasaskan sagu boleh
menjadi plastik pembungkusan yang berpotensi dengan nilai pembentukan yang
optimum.
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CHAPTER 1

INTRODUCTION

1.1  Background of Study

Examples of plastic packaging materials are polyethylene (PE), high density
polyethylene (HDPE), polyethylene terephthalate (PET), polyvinyl chloride (PVC),
polystyrene (PS) and polycarbonate (PC). The uses of these typical types of material
depend on the applications, which may be containers, bottles, films or coatings. All
the typical materials are petrochemical-based and non-biodegradable polymers which
are harmful to the ecological environment by creating more wastes that cannot be

disposed naturally.

The increasing uses of plastics based on petrochemical, for example
polyolefin, polyesters and polyamides are due to their availability in economical
quantities and favorable usage quality (Tharanathan, 2003). Inaddition, these plastics
have good tear and tensile strength, favorable barrier characteristics to oxygen as
well as aroma compounds, and good heat seal ability. Synthetic plastics such as
polyethylene and polypropylene have a very low water vapor transmission rate and
they are totally non-biodegradable, and therefore lead to environmental pollution,
which give serious ecological problems. Biodegradable polymers are an alternative
replacement for traditional petroleum-based non-biodegradable polymer.
Development of biodegradable films can offer great potential to enhance food
quality, safety and stability. There are numerous natural biodegradable polymers, for
example, protein and polysaccharide based films, might be beneficial materials for

ecologically friendly packaging.



The increase of customer need for higher quality and longer shelf-life in
foods, while reducing disposable packaging materials, has encouraged further
research into edible films and edible coatings from natural polymers such as
polysaccharides. These needs have caused increased interest in biodegradable films
or materials that could be used to enhance the shelf-life and improve the quality of
packed food products by providing a mass transfer barrier to moisture, oxygen,
carbon dioxide, lipid, flavor and aroma between food components and the

surrounding atmosphere (Tharanathan, 2003).

Starch is one of the most important biopolymers and widely used in
numerous industrial applications, such as in the paper, textile, food, pharmaceutical
and cosmetics industries (Shah et al., 1995). Starch possesses the essentials of having
adequate thermal stability with minimal interference of melt properties and
insignificant disturbance of product quality and has been deliberated as a material
successor in certain thermoplastic usage cause by its known biodegradability,

availability and is inexpensive/low-priced (Siracusa et al., 2008).

Basically, starch-based films have high elasticity; nonetheless, starch-based
films are too brittle for packaging utilizations (Mani, 1998). Addition of plasticizers
in the starch-based film is the common approach to develop and improve the
mechanical properties of biopolymer films such as a low molecular weight non-
volatile substance, plasticizer in the film may reduce biopolymer chain-to-chain
interactions, though resulting in enhanced film flexibility and stretch ability. To
increase the film pliability and flexibility, plasticizers are necessary in the
biodegradable film formulations. Plasticizers that are hydrophilic compounds such as
polyols (glycerol/sorbitol) and polyethylene glycol are commonly used as plasticizers

in hydrophilic film formulations.

Food additives may be incorporated in film formulations such as antioxidants,
antimicrobial agents and nutrients; these additives were used to achieve based film

specific functionalities. The incorporation of antimicrobials into edible films could



serve as a barrier for surface-contaminating microorganisms (Fishman et al., 1996).
Essential oil is the product specially extracted from plant parts; contain active
elements that may perform as antimicrobial compounds against bacteria, yeast, and
moulds. The bigger groups of principal components that make essential oils effective
antimicrobials include saponins, flavonoids, carvacrol, thymol, citral, eugenol,
linalool, terpenes, and their precursors. For example, cinnamon essential oil, which is
rich in cinnamic aldehyde, exhibits antimicrobial activity against a broad spectrum of
bacteria, such as Campylobacter jejuni, Listeria monocytogenes, and Salmonella
enteritidis (Joerger, 2007). The presence of antimicrobial (essential oils) in the based
films makes the films as “active films”. Hence, the concept of “active films” is a very
promising function and application as it creates new pathways for designing

packaging materials especially for food stuffs.

Starch based films that are made of many starches such as high amylase corn,
potato and cassava, have been reported by many studies but a very limited work has
been reported on sago-starch based film. In this research, sago-starch based
biodegradable films with an optimum combination of desirable characteristics and
biodegradation performance was developed. The films in this study were prepared by
a casting/solvent evaporation method. The film-forming solutions which contained a
combination of sago-starch and chitosan with different ratio were manipulated with
glycerol/sorbitol mixture and cinnamaldehyde. Plasticizers and antimicrobial are
combined in the solution to improve mechanical properties of films and serve as a

barrier for surface-contaminating microorganisms.

Response surface methodology (RSM) is the one most commonly used
techniques for effect study. In most of the effect studies, the process parameters have
been merely investigated by conducting one-factor-at-a-time experiments. The result
of one-factor-at-a-time experiments does not reflect the actual changes in the
environment as they ignore interactions between factors that are present
simultaneously. An alternative is to use empirical modeling approach such as
response surface methodology (RSM). RSM is a collection of mathematical and
statistical techniques for empirical model building that is an efficient tool for effect

study and does not demand a lot of experimental data (Cornell, 1990). RSM were



successfully used to link one or more responses to a set of variables when firm
interaction is known. This method is an effective and successful technique used to
obtain the best value and most influencing variable to a few set of variables that

affect the value ofany response.

1.2 Proble m State ment

Petroleum-based plastic materials has been produced widely because it
contributed in economical, processing and technological aspects but these plastic
materials caused environmental pollution. Most of these plastic materials had been
deposited in the garbage and depots for more than 30 years. A serious ecological
problems has occurred because of these petroleum-based plastic materials take a
longer time to degrade and are totally non-biodegradable. Plastics that are petroleum-
based materials contain toxic chemicals which may cause pollution to the
environment. At high temperature or during combustion process, petroleum-based
plastics will release dioxin which is a toxic chemical substance. Apart from that, due
to these non-biodegradable plastics, the landfill area will have abundance of plastic
waste and leads to another issue including lack of landfill area, unsightly view and
soil contamination. Hence, it is crucial to find another alternative to replace the
petroleum-based plastic materials with biodegradable polymers that are more

environmentally friendly.

Concerns regarding environmental issue and the non-biodegradable of
petroleum-based plastics have attracted many researchers to investigate about
biodegradable plastics. This research focuses on developing and synthesizing
biodegradable sago-based plastics based on sago starch. The development of sago-
based film alone has few disadvantages, such as the film made was too brittle, low
mechanical resistance and also high chances to be attacked by yeast, mould and
microbes. Hence, modifications were needed to enhance the properties of sago-based
films by modifying with chitosan, addition of glycerol/sorbitol-plasticizers and
antimicrobial agent. The optimal biodegradable sago-based film formulation was

obtained by conducting the optimization process using a response surface



methodology. The optimization process was conducted to show the interaction
between the independent variables for production of biodegradable sago-based film
formulation. The best or optimal value of variables from optimization process results

a better film formulation.

Thus, this research was expected to offer an alternative packaging option,
obtained from renewable resources to replaced petroleum-based plastic materials,
which do not contribute to the environmental pollution and consequently satisfies a
variety of needs and meets specific product challenges for a large number of food

applications.

1.3 Objective of Study

The dewvelopment of biodegradable sago-based film formulation was
conducted in order to fulfill these following three objectives:

I.  To synthesize and characterize the biodegradable sago film formulations and
study the mechanical, physical, chemical properties of sago starch based film

as well as their microstructure and antimicrobial activity.

ii.  To investigate the effect of varying composition of sago/chitosan blend,
glycerol/sorbitol-plasticizers and cinnamaldehyde content on the mechanical
properties, water vapor permeability of biodegradable sago based film

formulation.

iii.  To obtain the optimum conditions of the independent variables for the
development of biodegradable sago starch based film formulation by using a

response surface methodology.



1.4 Scope of Study

In order to achieve the objectives of this research, the following research

activities were executed:

I.  Synthesis and characterization of the biodegradable sago film formulations.

Biodegradable film from sago starch was developed by solvent evaporation
method. The synthesis of based films was obtained by manipulating both sago starch
and chitosan composition. Modification of the film was performed chemically
through the addition of glycerol/sorbitol-plasticizer mixture to improve the
mechanical properties of film, and antimicrobial agent loadings will enhance its

biological capacity.

The biodegradable film was analyzed to evaluate its physicochemical
properties. A scanning electron microscopy (SEM) was performed for the
morphology study of the film, fourier transform infrared (FTIR) spectroscopy was
used to investigate the existence of functional groups and chemical bonding in the
film formulation due to chemical modification. Physical properties of the films were
also elucidated through water vapor permeability according to ASTM E96 standard
method, and mechanical properties was investigated through tensile test for their
tensile strength, elongation at break, and elastic modulus according to ASTM D 882-
02 standard method. Antimicrobial activity of the film was tested to determine
antimicrobial effects of film formulation against Escherichia coli. The zones of
complete inhibition illustrate the antimicrobial effects of sago starch based

biodegradable film incorporated with cinnamaldehyde as antimicrobial agent.

ii.  The effect of varying composition for independent variables.

The independent variables in this research are sago/chitosan blend
composition, glycerol/sorbitol-plasticizers mixture and cinnamaldehyde content. In

this research study, the concentration of sago starch and chitosan used was ranged in



30-70 wt.%. For the glycerol/sorbitol-plasticizers concentration ranged 30—70 wt.%
based on wt.% sago starch basis and concentration for cinnamaldehyde used was
4.00 wt.% based on sago starch basis (wt.%). These independent variables were
manipulated to investigate the impact on tensile strength, elongation at break, elastic

modulus, water vapor permeability, as well as antimicrobial activity.

iii.  Optimization approach for biodegradable sago film formulations.

The optimization process of the biodegradable sago film formulations was
determined using a response surface methodology (RSM). RSM is a method that
basically involves three major steps. First, the design of experiment using statistical
approach, which a 2° full-factorial central composite experimental design (CCD) was
used resulting in 16 experiments in the study. In statistics, a CCD is useful in RSM
for building a second order (quadratic) model for the response variable of film
formulation without needing to use a complete three-level factorial experiment. Since
the independent variables in this study was three variables, so that it is suitable to use
CCD in this study because the design require minimum number of treatment
combinations which is three. Second, the coefficient based on mathematical model
(second degree polynomial equation), showed a relationship between independent
variables and responses. Third, the response prediction and finally model adequacy
check. The most significant independent variable was shown by pareto chart. The

adequacy of the fitted model was checked by analysis of variance (ANOVA).

1.5  Significance of Study

Recently, million tons of plastics and disposable items produced in the world
and most of them are deposited in the garbage and the environmental effects of these
materials lasting for centuries in landfills or other disposal places. Most plastics are
used as a packaging system for food stuffs. This situation has resulted in serious

environmental problem. Petroleum-based plastic materials called synthetic plastics



are completely non-biodegradable, which pose serious ecological problems. Thus,
this research was done to develop biodegradable plastics based on sago-starch and
chitosan for food packaging. The best source for starch present in Malaysia is sago
starch. It is chosen due to its known biodegradability, high availability and low cost.
Chitosan was used because of the properties of biocompability characteristics for
food preservation. Thus, the development of edible and easily degradable based films
of plastics for food packaging will provide safety assurance, shelf-life extension and

quality maintenance on food packed, thus leads to being environmentally friendly.
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