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Antimicrobial packaging, a promising form of active packaging, is an innovative
concept which has been the subject of substantial research for only the last two
decades. The aim of this study was to incorporate silver nanoparticles into
polyethylene films and to investigate physical and antimicrobial properties and silver
ion migration of polyethylene nanocomposite. Silver nanoparticles with a uniform
size of 5.5£1.1 nm were prepared by chemical reduction using polyethylene glycol
(PEG) as stabilizer as well as reducing agent of silver nitrate. Silver colloid
dispersion showed typical visible spectra band at 447 nm and also significant
(p<0.05) antimicrobial effects on Escherichia coli, Staphylococcus aureus by agar
plate test. Low density polyethylene (LDPE) was used as polymer matrix.
LDPEsilver nanocomposites produced by two methods of (i) melt blending and (ii)

layer by layer (LBL) self assembly deposition. In melt blending, silver nanoparticles
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at five concentration levels were added into low density polyethylene (LDPE) pellets
by melt blending and subsequent hot pressing at 140 °C. Melt blended LDPE silver
nanocomposites were characterized by atomic force microscopy (AFM) and X-ray
diffraction (XRD) for morphology and size feature and then mechanical, thermal and
barrier properties were investigated. Silver nanoparticles did not influence
mechanical and thermal properties of melt blended LDPE silver nanocomposite
significantly (p>0.05). Melt blended LDPEsilver nanocomposite showed clear zone

and significant effect on the growth kinetic parameters of S. aureus andE. coli.

In LBL deposition method, nanocomposite films were prepared by sequential
dipping of a LDPE film in either anionic silver colloid dispersion or cationic
chitosan with the thickness of 2, 4, 8, 12, 16 and 20 layers. LBL deposited silver
nanocomposite films were characterized by electron microscopy and then
mechanical, thermal and barrier properties of LBL deposited silver nanocomposites
were also investigated. Silver nanoparticles increased crystallinity of LDPE films
which was determined by differential scanning calorimeter (DSC) and resulted in
improving barrier properties. Chitosan coating increased mechanical elongation
strength significantly (p<0.05). Antimicrobial efficiency of LBL deposited silver
nanocomposites was considerably higher than melt blended ones because silver
nanoparticles are trapped in melt blended polymer composites but could release
easier in LBL coated nanocomposites. It can be concluded that LBL deposition is
preferable than the melt blending processing to produce LDPE silver nanocomposite
due to more antimicrobial activity and improved mechanical and barrier properties

against water vapor and oxygen.
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The silver ion released from either melt blended or LBL deposited silver
nanocomposites into EU standard food stimulants (deionized water, 3% acetic acid
and 10% ethanol alcohol) and apple juice during 30 days at 4 and 40 °C was
determined by atomic absorption spectroscopy(AAS) and analyzed using factorial
and response surface designs. Production method, silver concentration, temperature,
time and contact media showed significant effect (p<0.05) on silver ion migration,
respectively. The quantity of silver ion migration from nanocomposites into food
stimulants and apple juice was less than allowable concentration (10 ppm) at all
cases over 30 days. LBL deposition method, more silver concentration in the
polymer, higher temperature and acidic property of contact liquid promote more
silver ion release from nanocomposite films. Migration of silver ions from

nanocomposites obeyed first order diffusion kinetic.
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Pembungkusan antimikrub, sebagai satu bentuk pembungkusan aktif yang
berpotensi, merupakan satu konsep inovatif dimana penyelidikan yang menyeluruh
hanya dilakukan dalam dua dekad yang lalu. Tujuan kajian ini adalah untuk
menginkorporasi nanopartikel perak kedalam filem polietilina dan untuk menhkaji
sifat-sifat fizikal dan antimikrob dan perpindahan ion perak nanokomposit
polietilina. Nanopartikel perak dengan saiz yang seragam (5.5 + 1.1 nm) telah
disediakan melalui kaedah pengurangan kimia menggunakan glikol polietilina (PEG)
sebagai agen penurunan dan pada masa yang sama bertindak sebagai penstabil.
Taburan koloid perak menunjukkan spektrum yang visibel pada 447 nm dan kesan
antimikrob terhadap Escherichia coli sertaStaphylococcus aureus yang signifikan
(p<0.05) menggunakan plat agar nutrient. Polietilina ketumpatan rendah (LDPE)
telah digunakan sebagai matriks polimer. LDPE-perak nanokomposit yang

dihasilkan oleh dua kaedah (i) pencairan adunan dan (ii) lapisan dengan lapisan
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(LBL) pemendapaniaitu pengumpulan sendiri. Dalam pemprosesan pencairan, lima
tahap konsentrasi nanopartikel perak disediakan sebelum di campur ke dalam pellet
polietilina ketumpatan rendah (LDPE) dengan mencampurkan polimer dan
nanopartikel menggunakan penekanan panas pada suhu 140 °C. Nanokomposit
LDPE- nanopartikel perak dicirikan untuk morfologidan saiz menggunakan
mikroskop daya atom (AFM) dan pembelauan sinar-X (XRD) dan kemudian sifat-
sifat mekanikal, terma dan halangan di kaji.Nanopartikel perak tidak mempengaruhi
sifat dan fungsi mekanikal dan haba adunan filem LDPE secara signifikan
(p>0.05). Adunan LDPE nanokomposit perak menunjukkan zon pencerahan dan

kesan yang besar ke atas parameter pertumbuhan kinetik S. aureus dan E. coli.

Dalam kaedah pemendapan LBL, filem nanokomposit telah dibuat melalui
pencelupan filem LDPE sama ada dalam penyebaran koloid anion perak atau kation
kitosan dengan ketebalan 2, 4, 8, 12, 16 dan 20 lapisan. Filem LBL nanokomposit
perak terdeposit telah dicirikan melalui mikroskopi elektron dan kemudiannya sifat-
sifat mekanikal, terma dan halangan LBL nanokomposit terdeposit telah juga dikaji.
Nanopartikel perak meningkatkan penghabluran filem LDPE yang dikira melalui
pengimbas beza kalorimeter (DSC) dan menghasilkan fungsi halangan yang lebih
baik.Lapisan kitosan meningkatkan kekuatan pemanjangan mekanikal dengan
signifikan (p<0.05). Kecekapan antimikrob LBL nanokomposit perak terdeposit
adalah lebih tinggi daripada dibandingkan dengan kaedah adunan lebur, kerana
nanopartikel perak terperangkap di dalam komposit adunan lebur tetapi boleh
dilepaskan dengar lebih mudah dalam kaedah nanokomposit LBL. Ini boleh

disimpulkan bahawa pemendapan LBL adalah lebih baik dari pemprosesan adunan
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lebur untuk menghasilkan LDPE nanokomposit perak kerana sifat-sifat mekanikal

dan halangan yang bertambah baik dan aktiviti yang lebih antimikrob.

Ion perak yang di lepaskan melalui kedua dua kaedah ini di nilai berdasarkan
standard rangsangan makanan EU (air ternyahion, 3% asid asetik dan 10% etanol)
dan jus epal dalam tempoh 30 hari pada suhu 4 dan 40 °C ditentukan dengan
menggunakan spektroskopi penyerapan atom (AAS) dan dianalisis menggunakan
reka bentuk factorial dan rangsangan permukaan.Kaedah pengeluaran, kepekatan
perak, suhu, masa dan media persentuhan menunjukkan kesan yang signifikan
(p<0.05) terhadap penghijrahan ion perak. Kuantiti penghijrahan ion perak dari
nanokomposit kepada perangsang makanan dan jus epal adalah kurang daripada
tahap kepekatan yang dibenarkan (10 ppm) delam semua kosselama 30 hari. Kaedah
pemendapan LBL, kepekatan perak yang lebih dalam polimer, suhu yang lebih tinggi
dan sifat keasidan cecair yang bersentuhan menggalakkan pembebasan ion perak
dari filem nanokomposit. Penghijrahan ion perak dari nanokomposit mematuhi

kinetik serapan peringkat pertama.

viii



ACKNOWLEDGEMENTS

All praise and thanks for Almighty Allah who has given me all the best during all
stages of my life as well as my study. [ would like to start by expressing my deepest
gratitude, appreciation and thanks to Professor Dr. Russly Abdul Rahman for his
kind supervision, assistance and encouragement during the preparation of this thesis.
I also thank members of my supervisory committee, Professor Dr. Tan Chin Ping,
Dr. Nor Azowa Ibrahim and Professor Dr. Lugman Chuah Abdullah for their advice,

constructive comments and support.

I owe my appreciation to my parents for their spiritual and finance support and
encouragement. They give me the possibility to complete this thesis; my mother for
her sacrifices and prayers; my father for his permanent support and encouragement

and my sisters for their supportive help.

I would like to particularly acknowledge the contribution of Dr. Farzad Gheybi and

Dr. Mahmood Danaee for academicdiscussions and comments.

X



I certify that a Thesis Examination Committee has met on 2" August 2012 to
conduct the final examination of Maryam Jokar on his thesis entitled “Production,
Characterization and Migration Study of Melt Blended and Layer Deposited
Polyethylene Silver Nanocomposite as an Antibacterial Food Packaging” in
accordance with Universities and University College Act 1971 and the Constitution
of the Universiti Putra Malaysia [P.U.(A) 106] 15 March 1998. The committee
recommends that the candidate be awarded the relevant degree. Members of the

Thesis Examination Committee were as follows:

Alfi Khatib, PhD

Associate Professor

Faculty of Food Science and Technology
Universiti Putra Malaysia

(Chairman)

Rosnita A. Talib, PhD
Senior Lecturer

Faculty of Engineering
Universiti Putra Malaysia
(Internal Examiner)

Chong Gun Hean, PhD

Senior Lecturer

Faculty of Food Science and Technology
Universiti Putra Malaysia

(Internal Examiner)

Todor Vasiljevic, PhD

Associate Professor

Faculty of Health, Engineering and Science, Victoria University
Melbourne, Australia

(External Examiner)

SEOW HENG FONG, PhD
Professor and Deputy Dean
School of Graduate Studies
Universiti Putra Malaysia
Date



This thesis was submitted to the Senate of Universiti Putra Malaysia and has been
accepted as fulfillment of the requirement for the Doctor of Philosophy. The members
of the Supervisory Committee were as follows:

Russly Abdul Rahman, PhD
Professor

Faculty of Food Science and Technology
University Putra Malaysia

(Chairman)

Nor Azowa Ibrahim, PhD
Senior Lecturer

Faculty of Science
Universiti Putra Malaysia
(Member)

Tan Chin Ping, PhD

Professor

Faculty of Food Science and Technology
Universiti Putra Malaysia

(Member)

Lugman Chuah Abdullah, PhD
Professor

Faculty of Engineering

Universiti Putra Malaysia
(Member)

BUJANG BIN KIM HUAT, PHD
Professor and Dean

School of Graduate Studies
Universiti Putra Malaysia

Date

xi



DECLARATION

I declare that the thesis is my original work except for quotations and citations,
which have been duly acknowledged. I also declare that it has not been previously
and is not concurrently, submitted for any other degree at Universiti Putra Malaysia
or at any other institutions.

MARYAM JOKAR

Date:

xii



TABLE OF CONTENT

ABSTARCT

ABSTRAK
ACKNOWLEDGEMENTS
APPROVAL
DECLARATION

LIST OF FIGURES

LIST OF TABLES

LIST OF ABBREVIATIONS

CHAPTER
1 INTRODUCTION

2 LITERATURE REVIEW
2.1 Food Packaging
2.1.1 Roles of Food Packaging
2.1.2Packaging as an food loss reduction strategy
2.1.3Active Packaging
2.2 Antimicrobial Active packaging
2.2.1 Mechanism of Antimicrobial Active Packaging Function
2.2.2 Forms of Antimicrobial Addition into Packaging Polymers
2.2.3 Antimicrobials Incorporated to Packaging Polymers
2.3 Packaging Polymers
2.3.1 Polyolefin
2.3.2 Low Density Polyethylene
2.3.3 Antimicrobial Active Packaging Based on LDPE
2.2.4Physical Properties of Antimicrobial Packaging
2.4 Silver and Nano Silver
2.4.1 Background of silver compounds application
2.4.2Mechanism of Antimicrobial Activity of Silver
2.4.3 Silver Nano-Particles
2.4.3.1 Silver Nanoparticles Produced by PEG
2.4.4 Silver Nanocomposites
2.4.5 Layer by Layer Self Assembly Technique
2.4.5.1Chitosan
2.5 Health Safety Aspects of Silver Compounds
2.5.1 Regulations for Nanotechnology in Food Products and
Packaging
2.5.2 Safety Aspects of Silver Nanoparticles and Nanocomposites
2.5.3 Migration Measurement

3 PRODUCTION AND CHARACTERIZATION OF SILVER
NANOPARTICLES BY CHEMICAL REDUCTION USING
POLYETHYLENE GLYCOL (PEG)

3.1 Introduction

3.2 Materials and Methods

3.2.1Preparation of silver colloid
3.2.2 Separation of silver nanoparticles

Xiii

Page
iii
vi
ix

xii
xvii
xix
xxi

[y

O 00N

11
12
15
19
22
23
23
24
26
28
28
29
30
31
33
35
37
39

40
41
42

46
46
48
48
49



3.2.3 Characterization of colloidal silver nanoparticles 49

3.2.4 Antibacterial Investigation 50
3.2.5 Statistical analysis 51
3.3 Results and Discussion 51
3.3.1 Synthesis and Characterization 51
3.3.2 Antimicrobial properties 56
3.4 Conclusion 59

4 PRODUCTION AND CHARACTERIZATION OF MELT BLENDED

LDPE-SILVER NANOCOMPOSITE FILM 60
4.1 Introduction 60
4.2 Material and Methods 62
4.2.1 Preparation of silver nanoparticles 62
4.2.2 Preparation of silver nanocomposite film 63
4.2.3 Silver filler quantification 64
4.2.4 Morphology and Size Characterization 64
4.2.5 Infrared Spectroscopy 65
4.2.6 Mechanical Properties 65
4.2.7 Thermal properties 66
4.2.80xygen and water vapor permeability 66
4.2.9 Microbiological analysis 67
4.2.10 Statistical analysis 69
4.3 Results and Discussion 69
4.3.1 Morphology and Size 69
4.3.2 Mechanical Properties 73
4.3.3 Thermal Properties 77
4.3.4 Barrier Properties 79
4.3.5 Antimicrobial Activity 81
4.4 Conclusion 89

S PRODUCTION AND CHARACTERIZATION OF LAYER BY LAYER
(LBL) SELF ASSEMBLED SILVER NANOPARTICLE/ CHITOSAN

NANOCOMPOSITE 91
5.1 Introduction 91
5.2 Materials and Methods 93
5.2.1 Preparation of silver colloid 93
5.2.2 Preparation of Layer by layer (LBL) self assembled
nanocomposite film 93
5.2.3 Morphology and Size 94
5.2.4 Silver quantification 95
5.2.5 UV-vis spectroscopy and fourier transform infrared
spectroscopy 95
5.2.6 Thermal properties 96
5.2.7 Mechanical Properties 96
5.2.8 Oxygen and water vapor permeability 96
5.2.9 Antimicrobial Analysis 96
5.2.10 Statistical analysis 98
5.3 Results and Discussion 98
5.3.1 Morphology and Size 98

5.3.2 UV-vis spectroscopy and FTIR analysis 102

Xiv



5.3.3 Thermal properties (DSC)
5.3.4 Mechanical properties
5.3.5 Barrier properties
5.3.6 Antimicrobial activity

5.4 Conclusion

6 EFFECT EVALUATION AND DIFFUSION STUDY OF SILVER ION
MIGRATION FROM NANOCOMPOSIITES TO FOOD SIMULANTS

AND APPLE JUICE
6.1 Introduction
6.2 Materials and Methods
6.2.1 Nanocomposite preparation
6.2.2 Migration test
6.2.3 Statistical analysis
6.2.3.1 Effect evaluation
6.2.3.2 Diffusion study
6.3 Results and Discussion
6.3.1 Multi level factorial analysis
6.3.2 Response surface analysis
6.3.3 Silver ion migration into apple juice
6.3.4 Diffusion Study
6.4 Conclusion

7 CONCLUSION AND RECOMMENDATION
7.1 Conclusions
7.2 Recommendations

REFERENCES
APPENDIXES
BIODATA OF STUDENT

LIST OF PUBLICATIONS

XV

105
107
110
112
120

122
122
124
124
125
125
125
127
127
127
134
139
143
148

150
149
152

153

166

184

185





