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ABSTRACT 

 

 

 

 

Inefficient delivery of pesticides by conventional methods such as fumigation 

and direct application can cause adverse effects to the environment and organism. 

These issues can be avoided by polymer modification as a pesticide carrier with the 

ability to regulate the release of pesticides. Nanomaterials such as graphene oxide 

(GO) and cellulose nanofibre (CNF) have unique properties that can be incorporated 

into polylactic acid (PLA) based packaging to reinforce its mechanical and physical 

properties. A novel combination of both nanomaterials’ functional properties can also 

be manipulated to regulate the release of pesticides so that the release of pesticides can 

be controlled as desired. GO and CNF from oil palm empty fruit bunch fibre was 

obtained via modified Hummer’s method and hydrolysis method, respectively. The 

solution casting method was used in film preparation. The CNF, GO, and thymol 

loading in making hybrid nanocomposite was selected using response surface method. 

and conventional method. As a result, the loading of CNF and thymol was fixed to 0.5 

phr and 5 phr respectively, whereas the GO loading was varied from 0-1.5 phr. The 

formed films were analysed based on their physical properties (tensile test and water 

vapour transmission rate), morphology (field emission scanning electron microscopy), 

and chemical properties (Fourier transform infrared (FTIR)). The release of active 

compound, thymol from the film was analysed for 9 days. In vivo study of insect 

repellency was done using rice as food simulant, and rice weevils (Sitophilus oryzea) 

as a test subject to determine the effectiveness of the nanocomposite film in protecting 

food and repelling insects. Results obtained show that the addition of both CNF and 

GO in a polymeric system synergistically improved the mechanical, physical, and 

release properties of the film. PLA incorporated with 5 phr of thymol, and 0.5 phr of 

CNF designated as PLA/5Thy/0.5CNF film showed the highest tensile strength up to 

39.71 MPa after 1.00 phr of GO was added. The incorporation of 0.5 phr of GO in 

PLA/5Thy/0.5CNF film gave the highest elongation percentage of 40.8 %. Chemical 

characterisation by FTIR demonstrated that thymol interaction in the matrix was 

influenced by CNF and GO loading, which affects the thymol release behaviour. 

Cross-section morphology of nanocomposite film demonstrated a unique matrix 

arrangement with the addition of GO, affecting the mechanical properties and thymol 

release of the film. In vivo test on packaging towards rice weevils showed an increment 

in the repellency effect as well as the mortality rate of the rice weevils. Moreover, 

unsuccessful or no penetration of insects with minimal scratch was observed on the 

packaging incorporated with GO. In conclusion, the combination of CNF and GO 

enhanced the mechanical and physical properties of PLA based film. Interestingly, 

thymol release can also be modulated by varying the loading of CNF and GO. The 

formed synergy allows the insect repellent packaging to be specifically designed in 

order to suit the intended purposes. 
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ABSTRAK 

 

 

 

 

Penyediaan racun perosak yang tidak cekap dengan kaedah konvensional 

seperti pengasapan dan aplikasi langsung boleh menyebabkan kesan buruk kepada 

alam sekitar dan organisma. Isu-isu ini boleh dihindari melalui pengubahsuaian 

polimer sebagai pembawa racun perosak dengan keupayaan mengawal pembebasan 

racun perosak. Nanobahan seperti grafin oksida (GO) dan gentian nano selulosa (CNF) 

mempunyai ciri-ciri unik yang boleh dimasukkan ke dalam filem pembungkus 

berasaskan poli asid laktik (PLA) untuk menguatkan sifat mekanikal dan fizikalnya. 

Gabungan novel kedua-dua sifat berfungsi nanobahan juga dapat dimanipulasi untuk 

mengatur pembebasan racun perosak supaya pembebasan racun perosak dapat dikawal 

seperti yang diingini. GO dan CNF dari gentian tandan buah kelapa sawit masing-

masing diperoleh menerusi kaedah Hummer-diubahsuai dan kaedah hidrolisis. Kaedah 

penuangan larutan digunakan dalam penyediaan filem. Muatan CNF, GO dan timol 

dalam pembuatan komposit nano hibrid telah dipilih menggunakan kaedah sambutan 

permukaan dan kaedah konvensional. Hasilnya, muatan CNF dan timol masing-

masing telah ditetapkan kepada 0.5 phr dan 5 phr, manakala muatan GO adalah antara 

0-1.5 phr. Filem plastik yang terbentuk dianalisa berdasarkan sifat-sifat fizikal (ujian 

tegangan dan kadar penularan wap air), morfologi (mikroskopi imbasan elektron 

pemancaran medan), dan sifat-sifat kimia (spektroskopi jelmaan inframerah Fourier 

(FTIR)). Pelepasan bahan aktif iaitu timol dari filem dianalisa selama 9 hari. Dalam 

kajian secara in vivo, beras digunakan sebagai simulasi makanan, dan kutu beras 

(Sitophilus oryzea) sebagai subjek ujikaji untuk mengkaji keberkesanan filem 

komposit untuk melindungi makanan dan menghalau serangga. Hasil yang diperoleh 

menunjukkan bahawa penambahan kedua-dua CNF dan GO dalam sistem polimer 

secara sinerginya menambah baik sifat mekanikal, fizikal, dan sifat pelepasan timol 

daripada filem. PLA yang digabungkan dengan 5 phr timol dan 0.5 phr CNF yang 

dilabel sebagai sebagai filem PLA/5Thy/0.5CNF menunjukkan kekuatan tegangan 

tertinggi sehingga 39.71 MPa dengan penambahan 1.00 phr GO. Penambahan 0.5 phr 

GO dalam filem PLA/5Thy/0.5CNF memberikan peratusan pemanjangan tertinggi 

sebanyak 40.8 %. Pencirian kimia oleh FTIR menunjukkan bahawa interaksi timol 

dalam matriks dipengaruhi oleh muatan CNF dan GO yang juga berhubung kait 

dengan kelakuan pelepasan timol. Morfologi keratan rentas komposit menunjukkan 

susunan matriks yang unik dengan penambahan GO, dimana penambahan ini juga 

mempengaruhi sifat-sifat mekanik dan pelepasan timol. Ujian in vivo ke atas kutu 

beras menunjukkan peningkatan dalam kesan halangan terhadap serangga serta kadar 

kematian kutu beras. Kegagalan penembusan kutu beras dengan goresan minimum 

dilihat pada pembungkusan yang digabungkan dengan GO. Kesimpulannya, gabungan 

CNF dan GO meningkatkan sifat mekanikal dan fizikal filem berasaskan PLA. 

Menariknya, pelepasan bahan aktif (timol) juga boleh dikawal dengan mengubah 

muatan CNF dan GO. Sinergi ini membolehkan filem pembungkusan anti-serangga 

direka khusus untuk keperluan tertentu dihasilkan.  
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CHAPTER 1 

 

 

 

INTRODUCTION 

 

 

 

 

1.1 Background 

 

 

A pesticide can be defined as a compound used to prevent, destroy, or repel 

pests. Its usage has continued to rise. As reported by the Food and Agriculture of 

United nation, pesticide trade value is projected to increase by 8.7% per year to 43.74 

US Billion $ in 2020. Various types of pesticide and insecticide flooded the world 

since World War II. Statistically, one-third of the world's agricultural losses are caused 

by destructive organisms which 13.8% of it is due to insects and mites (Srivastava et 

al., 2016). Crops and agricultural producers rely significantly on the use of pesticides 

because it is the only choice that they have to control the losses. That enormous 

economic loss resulting from diverse species of harmful insects, mites, and others have 

usurped humankind to develop and use various insecticides, pesticides, and acaricides 

to protect their crops.  

 

 

In general, pests and insects can infest food produce during growing, pre-

harvest, post-harvest, processing, packaging, and transportation. There are also 

possibilities that insects can enter vulnerable packaged goods during transportation, 

storage in the warehouse, or retail stores. Thus, it allows the pest to consume food 

commodities and contaminate the goods with cast skins, faeces, hairs, webbing dead 

bodies, and toxins. Manufacturers are affected as the consumer always blames them 

for any insect infestation, even if the cause of the problem is poor storage by a third 

party. Even though the use of pesticides contributes to positive growth in the 

agricultural economy, it will become hazardous when used irrationally and 

excessively. The use of any synthetic/biologically active compound are known can be 

accompanied by various degrees of toxic reactions or adverse effects. 
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For that reason, even reputed safe and biologically degradable pesticides may 

give hazard to the end-consumers: humans and animals. Another approach was also 

introduced, which were using natural pesticide such as thymol that mainly derived 

from aromatic plant extract. However, studies show that the usage of a high 

concentration of essential oil may cause skin irritation and may also be considered 

toxic (Buckle, 2003; Yuruktumen et al., 2011 ). Thus, the application of regulated 

packaging that can retain the quality of food commodities while reducing the adverse 

effect of pesticides is fairly important. Previously, various method of pesticide delivery 

system has been applied. It includes a direct application, fumigation, pelleting, 

incorporation into a gel, and others. In grain storage, for example, the 

pesticide/additives were mixed directly into the grain package by fumigation/spraying 

to avoid insect infestation. A conventional method mentioned earlier has 

disadvantages where the spreading and release of pesticides are hard to control. It is 

almost impossible to maintain pesticide/repellent efficiency. This is because the 

pesticide delivery is not controlled and monitored. The introduction of an advanced 

pesticide delivery system allows the pesticide release to be controlled or regulated. 

Thus, protection from pests through each developmental stage, transport, and storage 

can be achieved.  

 

 

Controlled release of pesticides using a biodegradable polymer matrix such as 

PLA is an emerging technology that can make sure that the pesticide is released in a 

controlled manner. Introduction of polymer composite or packaging in pesticide 

control has become more attractive due to its versatility, diverse function, and 

applications. In polymer packaging area itself, various modifications have been made 

to reach the “ideal” polymer packaging/composite. At the very beginning of the 

packaging and polymer technology, the fundamental purposes of polymer packaging 

are for containment and protection.  However, advance in trend makes polymer 

packaging becomes more sophisticated.  At this point, containment and protection of 

food or crops are not enough; the packaging needs to have added value. It includes the 

ability of the polymer to deliver active compounds such as pesticide or repellent.  

These, simultaneously able to reduce the adverse effect that comes from the 

overexposure of pesticides. Hence this is where both technologies, packaging 

technologies and controlled release can be integrated to serve the various field.  



3 

Trends in food packaging have been focusing on the development of new 

materials with enhanced properties to control polymer packaging and environment 

properties. Previous studies revealed the use of different active compounds in polymer 

and packaging that focused more on the antimicrobial and antioxidant agents, which 

become more communal. The introduction of pesticide and repellent in polymer 

packaging is rather new and available literature as scarce. Hence, more studies on 

packaging that are incorporated with insect repellent need to be revealed. It includes 

the understanding of the compatibility of polymer and pesticide, polymer modification 

for performance enhancement, and many more. Natural, non-toxic insect repellents to 

protect food-packaging materials are new and improved technology. Several types of 

encapsulated essential oil extract and/or oil fractions have both repellency and 

antifeedant effects on tested storage insects. 

 

 

These provide a versatile system to be integrated compatibly into packaging 

materials to serve various purposes. In addition, if the packaging material itself is 

resistant to insect penetration, less insect repellent material is required to create an 

effective barrier against insect penetration into the packaged food. In other words, to 

prevent or repel such insect infestation, it would be preferable to render the packaging 

material impervious to insect penetration as treating the food directly with insect 

repellents causing it to be absorbed by the foods.  Packaging represents a critical point 

in food quality preservation and the ultimate defence against pests. This effort should 

be paid towards the development of insect-proof packages.  An active packaging, 

besides protecting the product, it can also interact with it (Vermeiren et al., 1999). It 

means the packaging can respond based on product changes such as pH, moisture, 

temperature, and others. Some packaging can give information by changing its colour 

based on the pH of the packaged product (Balbinot-Alfaro et al., 2019). In most cases, 

high pH usually indicates food spoilage. It gives extra benefits when compared to 

conventional packages. It is needed to be clear that insect-proof packaging is a 

derivation of active packaging. The application of polylactide acid (PLA) based active 

packaging is versatile that it can be used in perishable food and long term food storage 

such as grains.  
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The PLA-based active film is not just compostable, but an active compound 

incorporated in the film can provide a bacteriostatic and mechanism. PLA based 

packaging can be applied to the various stage in farming practice which includes 

preharvest, long term storage and perishable goods at the point of sale.  Figure 1.1 

shows that the typical food packaging systems that represent a package/food system 

or a package/headspace/food system. The main migration phenomena involved in the 

package/food system is the diffusion between the packaging material, food, and 

partitioning at the interface. Antimicrobial agents are initially incorporated into the 

packaging materials and might migrate into the food through diffusion and partitioning 

(Han, 2000).  Foods packed in flexible packages, cups, and cartons, on the other hand, 

represent the package/headspace/food systems.  The substance evaporation and 

distribution between headspace, packaging material, and/or food is considered as a 

part of the main migration mechanism. This migration mechanism can be controlled 

by the adaptation of controlled release technology. 

 

 

 

 

 

 

 

 

Figure 1.1 Package / food systems  and Package / headspace / food systems 

 

 

There are various ways to regulate the migration or release of active compound 

from the packaging. One of them is through the addition of 

nanomaterial/nanoparticles. This approach was widely used to control drug substance 

in a polymeric system for the pharmaceutical application (Rizvi and Saleh, 2018). It 

shows alterating the polymeric system with nanomaterial provides a customisable and 

safer pathway in delivering a drug or active compounds. Even though very limited 

publications reported on food packaging applications, this approach might still be the 

best in controlling an active compound release in the food packaging system. 
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Advancement such as nanoparticles was introduced into the system are not only to 

improve the polymer physically but to improve the pesticide. Nanotechnology is 

capable of assisting the agricultural revolution with a new mechanism for the rapid 

disease detection and treatments, improves nutrient absorption by the plant, precision 

farming by increasing the efficiency of pesticides and herbicide and more (Sekhon, 

2014). 

 

 

Most importantly, in packaging technology, nanomaterial has the ability to 

regulate the release of pesticides which can be an essential oil or chemical derived 

pesticide that intends to extend the food shelf life or repel pest from food. This study 

focused on the enhancement of PLA based packaging by incorporation of 

nanomaterials for the controlled delivery of pesticides that basically an important 

technology that has the potential to increase the efficiency of food production and 

decrease pollution. 

 

 

 

 

1.2 Problem Statements 

 

 

Pesticide is used to repel unwanted pests. However, it is hazardous when used 

excessively. For example, a fumigation procedure may use an excessive or too high 

concentration of pesticide, which likely to be absorbed by stored grain products. It is 

ineffective, as the pesticide residues can be hazardous when inhaled. It is known that 

in a conventional method, the spreading and release of pesticides is hard to control. A 

novel idea of pest repellent film could ensure the pesticide is released in a controlled 

manner. The pesticide or active compound can be embedded or be incorporated into 

the polymeric film to provide a more efficient pesticide delivery system. Hence it may 

reduce the amount of pesticide usage and any possible adverse effect. Polylactide acid 

(PLA), a type of biopolymer, can be utilised for that purpose. It can be incorporated 

with pesticide or active compounds and cast as a thin film.  However, a PLA 

biopolymer is naturally brittle with poorer mechanical properties than the conventional 

non-biodegradable plastic films used in the food packaging industries (Abdul Khalil 

et al., 2012). Food packaging is the last line of defence mechanism against insect 
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infestation (Kim et al., 2013). Insect in general, can attack packaged products by bore 

holes through packaging or enter packaged through existing holes. Food packaging 

especially derived from biomaterials, are prone to be invaded and penetrated. Thus the 

film should have high tensile and ductility.  In terms of release property, the current 

issue that normally occurs in packaging film is the low capability for holding or 

retaining an active compound such as a pesticide or insect repellent. It eventually 

causes the release of pesticides to be rapidly reduced over time. This is because the 

conventional packaging system has no mechanism to regulate the release of the active 

compound to the outside environment. As the packaging system is unable to 

impregnate the active compound, thus active compounds will be released at a high 

dosage over a short period. The intention of having a controlled release mechanism is 

so that the pesticide can be released in a small effective dosage over an extended period 

of time. In PLA based film specifically, the mode and release behaviour of pesticide 

is one of the under-researched areas. The hybrid packaging system that uses both 

cellulose nanofiber and graphene oxide has not been explored yet. Thus, this 

exploration can contribute to the development of a biodegradable packaging system 

for pest control.   

 

 

   Some studies have been conducted on the improvement of biopolymer on 

physical, mechanical and release characteristics using various kinds of nanomaterials 

(Arjmandi et al., 2015; Montes et al., 2018; Ivanov et al., 2019). The use of cellulose 

nanofiber and graphene oxide is novel and useful in developing a nanocomposite film. 

Its potential in pesticide delivery control especially in thymol release behaviour 

remains unexplored. With the better insight of both cellulose nanofiber and graphene 

oxide nanomaterials on their functional properties, chemical and physical properties, 

the PLA film can be modified to serve a specific purpose. As a result, the incorporation 

of both nanomaterials into the bioplastic may enhance the physical characteristics of 

the film and able to control the release of active agents (i.e., pesticide or repellent). 

Insect repellency in food packaging applications may solve or at least reduce numerous 

species of insects and mites attack on stored food that is known as one of the major 

reasons of dreadful economic loss. 
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The potential nanotechnology applications in the agriculture field such as 

material reinforcement, precision farming, smart delivery systems, food 

manufacturing, packaging, and food safety are acknowledged globally. Recent studies 

show that nano-sized filler was found to be impressively valuable in material 

reinforcement as it has significantly higher surface charges that promote excellent 

adhesion with matrix (Fleming et al., 2001). In food packaging applications, this 

finding could be potentially beneficial for further prospects in the active biodegradable 

packaging sector. In addition, the previous findings showed that the application of 

nanotechnology could control the release of the bioactive antimicrobial molecules 

(Cozzolino et al., 2013).  

 

 

Cellulose nanofiber (CNF) has attracted massive attention because of its small 

nano-size that interacts better with the biodegradable polymer matrix and compatible 

to be blended into a flexible thin film.  Cellulose nanofibre could give excellent 

mechanical properties to the biodegradable plastic with comparable strength to 

petroleum-based plastic.  In its crystal region, CNF has high Young’s modulus up to 

140GPa (Deepa et al., 2019). It shows a very low coefficient of thermal expansion 

along the longitudinal direction (Nishino et al., 2004. This expounds that nano-size 

cellulose has a big potential in the development of new and enhanced biopolymers. 

 

 

Graphene oxide (GO) is a newly emerged nanomaterial with unique 

dimensional structure (one to two atom sheet) that might provide this new functionality 

(controlled release of pesticide). Graphene sheet possesses numerous oxygen-

containing groups on the surface, such as hydroxyls, epoxides, carbonyls, and carboxyl 

(Tramón, 2014). These available oxygen-containing groups can facilitate the 

interaction between polymer hosts and graphene oxide, also between graphene oxide 

and active compound (repellent) via covalent or non-covalent bonds (Liu et al., 2013). 

The effects of those interactions towards the release of pesticides in this case, thymol 

is still unreported. Intentionally, the addition of CNF and GO, which possessed 

different characteristics, can be merged into one polymeric system. Thus, the 

packaging function can be diversified and ultimately could be used to serve different 

purposes.  
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1.3 Objectives of Study 

 

 

The objective of the study is to design, analyse, and optimise the properties of 

PLA/CNF/GO nanocomposite film for efficient controlled release of thymol as an 

insect repellent.  This involved several specific objectives which are: 

 

1. To develop and determine the optimum formulation of PLA based 

nanocomposite film incorporated with cellulose nanofibre, graphene oxide, 

and thymol so that a film with good tensile and ductility can be formed.  

2. To investigate the effect of GO loading in hybrid nanocomposite film on 

physical, chemical, and mechanical properties. The intention is to improve 

the characteristic that perceived as good packaging films such as good 

barrier properties and other physical attributes.  

3. To study the release of thymol from the PLA/CNF/GO nanocomposite film 

and determine its kinetic release model. Thus, the effect of nanomaterial 

addition on release behaviour can be determined. The release of pesticides 

can be controlled at an effective dosage for a longer time, so it can reduce 

the adverse effect and excessive usage of pesticides. 

4. To observe the application of PLA/CNF/GO nanocomposite containing 

thymol as food packaging toward grain weevils using insect invasion and 

penetration test. Stronger packaging with additional features such as 

pesticide release mechanisms may prevent insect penetration and invasion 

in packaged food. 

 

 

 

 

1.4 Scope of Study 

 

  

This study covers several scopes. Nanomaterials cellulose nanofibre (CNF) 

and graphene oxide (GO) in nanocomposite film formulation were prepared using acid 

hydrolysis method and modified Hummer’s method, respectively. A preliminary study 

was done to determine the lower and upper limit of nanomaterial and thymol 

incorporation loading (phr) in the formulation of nanocomposite film, which can 

significantly affect the mechanical properties. Response surface methodology (RSM), 
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a mathematical approach was also used to optimise the nanocomposite formulation 

and systematically determine the factor that most influencing mechanical strength. The 

mathematical relationship between loading of a mixture (CNF, GO and thymol) with 

a response (tensile strength, percentage elongation at break, and Young’s Modulus) 

was evaluated with design expert software as well as the adequacy of the derived 

model. The results from RSM and preliminary approach eventually reveal the most 

significant factor and least significant factor (nanomaterial and thymol loading) that 

would affect the mechanical strength of nanocomposite film.  

 

 

Based on the evaluation of RSM on mechanical strength, a fixed loading either 

CNF or GO will be chosen as an initial composition for hybrid nanocomposite film. 

The addition of thymol in making hybrid nanocomposite, on the other hand, is 

obligatory, which loading was determined by RSM optimisation. The second 

nanomaterial evaluated by RSM for the nanocomposite to make it “hybrid” was 

determined by the least significant factor affecting mechanical strength. In hybrid 

nanocomposite, the second nanomaterial either CNF or GO was varied from 0.25 to 

1.5 phr, and the mechanical strength, chemical properties, optical properties, water 

absorption, and water vapour transmission rate (WVTR) were evaluated. Those 

mechanical properties that include tensile strength, percentage elongation at break, and 

Young’s modulus were evaluated referring to a method adapted from ASTM D 882-

02. A texture analyser CT3 (Brookfield, USA) with a 10kg load cell and a TexturePro 

CT software was specifically used in this study.  

 

 

The optical properties of the film were evaluated using UV-vis spectroscopy. 

The amount of water absorbed by nanocomposite film was recorded every day for 15 

days in a controlled chamber at 30˚C or until the weight of the film remains unchanged. 

The water vapour transmission rate (WVTR) of the formed film, on the other hand, 

was determined gravimetrically in controlled humidity 90% RH, using Potassium 

Nitrate (KNO3), at temperature 38˚C.  
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The release of thymol from the hybrid nanocomposite film was evaluated using 

headspace Solid Phase Micro-Extraction (SPME) followed by gas chromatography 

analysis (HS-SPME-GC-MS) periodically for 215 hours. The hybrid nanocomposite 

film with repellent was applied as grain packaging (biscuit as attractant and simulant) 

to study its ability to repel and withstand penetration of rice weevil from passing the 

film, mortal beetles and elapsed time for hole penetration periodically for 9 days, in 

controlled condition temperature 30˚C and relative humidity 85%. 

 

 

 

 

1.4 Significance of Study 

 

 

An infestation on packed food products occurs either by penetration or invasion 

by insects or pests. This study constructed a novel hybrid nanocomposite film that 

possesses high mechanical strength to withstand insect penetration and at the same 

time, can regulate the release of the active compound to keep insects away from the 

food. The packaging system also provides a distinct advantage that avoids treating the 

food itself directly with insect repellent that is likely to be absorbed by the food. This 

research also contributes to the progress of active packaging technology, especially in 

food application which utilising trending nanomaterials, i.e., CNF and GO. This study 

would help to understand the effect and function of both nanomaterials (CNF and GO) 

in a polymer system. Intentionally, combining both CNF and GO would create a hybrid 

nanocomposite system that provides a synergistic effect in terms of mechanical, 

physical and functionalities. The controlled release study delivers the conceptual 

framework and accurate concentration by which the active compound (in this case 

thymol) release can be manipulated at a desirable rate. Subsequently, this may help 

food manufacturers or industries to design smart repellent systems for future delivery 

applications, including agriculture, packaging, and processing, thus ensuring food 

safety to consumers. 
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substantially damage harvestable produce or stored food commodities.  It is crucial to 

enhance agricultural productivity. However, the characteristics of pesticides in nature 

are hard to manage.  Pesticide is a chemical substance used to kill or prevent the growth 

of pests that damage or interfere with the growth of crops and horticultural produce 

(Rathore, 2016). 

 

 

The term pesticides cover a broad range of applications, namely insecticides, 

herbicides, fungicides, rodenticides, nematicides, plant growth regulators, and several 

others (Aktar et al., 2009). Pests, on the other hand, are not limited to insect but also 

includes rats and other pest, fungi, or microbes such as bacteria and viruses that cause 

damage to homes, crops, and human. In summary, pesticides can be classified as 

chemicals, biopesticides, and genetically modified organisms, also known as 

transgenic plant/organism. The subtopics below explained and summarised pesticide 

according to its class and group that commercially available in the market.  

 

 

 

 

2.2.1 Chemical Pesticide  

 

 

 The discovery and usage of chemical pesticides by humankind are not new.  

Decades ago, during the 70 A.D, “Pliny the elder” anticipated the use of arsenic to kill 

insects. In the late sixteenth century, the Chinese empire used arsenic sulfide. Then, in 

early 1800, certain inorganic compounds were used as pesticides such as sodium 

fluorosilicate, Paris green (copper aceto-arsenite), and zinc phosphide. At that 

moment, people were unaware that pesticides could persevere in the ground for more 

than 40 years. The Revolution of organic-synthetic pesticides was initiated in 1940. 

Dichloro-diphenyl-trichloroethane (DDT) was originally synthesised in 1874 and 

rediscovered as a common and well-known insecticide in 1939. Years later benzene 

hexachloride (BHC) embarked. Then, numerous compounds were manufactured and 

applied in the farms ever since (Rathore, 2016). Classes of pesticides can be divided 

based on their chemical nature, as shown in Table 2.1.  
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In general, it can be classified according to their chemical functionalities 

(organochlorines, organophosphates, carbamates, and pyrethroids), their target 

organisms (insecticides, herbicides, fungicides, rodenticides, nematicides, and 

acaricides), and their mode of action (acetylcholinesterase inhibitors, calcium channel 

inhibitors) (Sifakis et al., 2011). There are many cases reported on the hazardous 

aftermath of pesticide usage. Thus, the agro-industry started to look for other 

alternatives bringing them into the field of biotechnology. The exploitation of 

transgenic crops is an outcome of the biotechnology. There is also development on 

microbiological pesticides, which uses bacteria to control pesticide, Bacillus 

thuringiensis (Bt) that releases Bt toxin to kill the pest. However, concerns arose 

among the customer on the safety of genetically modified produce (Hill and Johnstone, 

1998).  

 

 

 

Table 2.1      Classification of pesticides according to their chemical 

functionalities 

 

Organochlorides DDD, DDT, DDE, chlordane, kepone, dieldrin, endosulfan, 

heptachlor, lindane, mirex, Methoxychlor, Toxaphene 

Organophosphorus chlorpyrifos, glyphosate, diazinon, dimethoate, malathion, 

methamidophos, parathion, terbufos, tribufos, trichlorfon 

Carbamates aldicarb, carbaryl, carbofuran, fenoxycarb, propoxur 

Pyrethroids cypermethrin, fenvalerate, permethrin, pyrethrin, 

pyrethrum, resmethrin, tetramethrin 

Anilides/anilines metolachlor, pretilachlor, propachlor, trifluralin 

Phenoxy 2,4-D, 2,4-DB, 2,4,5-T, MCPA, MCPB, fenoprop 

Triazines atrazine, cyanazine, hexazinone, prometryn, propazine, 

simazine, terbutryn 

Quartenary diquat, paraquat 

Ureas chlortoluron, DCMU, metsulfuron-methyl, monolinuron 

Others acetamiprid, amitraz, chlordimeform, cyromazine, 

diflubenzuron, nithiazine, sulfonamide, thiacloprid, 

xanthone 



175 

REFERENCES 

 

 

 

Abdul Khalil, H. P. S., Bhat, A. H., and Ireana Yusra, A. F. (2012). Green composites 

from sustainable cellulose nanofibrils: A review. Carbohydrate Polymers, 87(2), 

963-979. doi:10.1016/j.carbpol.2011.08.078 

Achet, D., and He, X. W. (1995). Determination of the renaturation level in gelatin 

films. Polymer, 36(4), 787-791. doi:https://doi.org/10.1016/0032-

3861(95)93109-Y 

Adesina, O. T., Jamiru, T., Sadiku, E. R., Ogunbiyi, O. F., and Adegbola, T. A. (2019). 

Water absorption and thermal degradation behavior of graphene reinforced 

poly(lactic) acid nanocomposite. IOP Conference Series: Materials Science and 

Engineering, 627, 012015. doi:10.1088/1757-899x/627/1/012015 

Alberty, R. A. (1960). The Foundations of Chemical Kinetics (Benson, Sidney W.). 

Journal of Chemical Education, 37(12), 660. doi:10.1021/ed037p660.1 

Allen, M. J., Tung, V. C., and Kaner, R. B. (2010). Honeycomb Carbon: A Review of 

Graphene. Chemical Reviews, 110(1), 132-145. doi:10.1021/cr900070d 

Alvarado, N., Romero, J., Torres, A., López de Dicastillo, C., Rojas, A., Galotto, M. 

J., and Guarda, A. (2018). Supercritical impregnation of thymol in poly(lactic 

acid) filled with electrospun poly(vinyl alcohol)-cellulose nanocrystals 

nanofibers: Development an active food packaging material. Journal of Food 

Engineering, 217, 1-10. doi:https://doi.org/10.1016/j.jfoodeng.2017.08.008 

Alvarez, V. A., Terenzi, A., Kenny, J. M., and Vázquez, A. (2004). Melt rheological 

behavior of starch-based matrix composites reinforced with short sisal fibers. 

Polymer Engineering & Science, 44(10), 1907-1914. doi:doi:10.1002/pen.20193 

Ambrosio-Martı´n, J., Lopez-Rubio, A., Fabra, M. J., and Lagaron, J. M. (2015). Melt 

polycondensation to improve the dispersion of bacterial cellulose into 

polylactide via melt compounding: enhanced barrier and mechanical properties. 

Cellulose, 22, 1201-1226. doi:10.1007/s10570-014-0523-9 

Ammar, A., Al-Enizi, A. M., AlMaadeed, M. A., and Karim, A. (2016). Influence of 

graphene oxide on mechanical, morphological, barrier, and electrical properties 

of polymer membranes. Arabian Journal of Chemistry, 9(2), 274-286. 

doi:10.1016/j.arabjc.2015.07.006 



176 

Anuar, H., Nur Fatin Izzati, A. B., Sharifah Nurul Inani, S. M., Siti Nur E’zzati, M. 

A., Siti Munirah Salimah, A. B., Ali, F. B., and Manshor, M. R. (2017). 

Impregnation of Cinnamon Essential Oil into Plasticised Polylactic Acid 

Biocomposite Film for Active Food Packaging. Journal of Packaging 

Technology and Research, 1(3), 149-156. doi:10.1007/s41783-017-0022-1 

Aouada, F., de Moura, M., Orts, W., and Mattoso, L. C. (2010). Polyacrylamide and 

methylcellulose hydrogel as delivery vehicle for the controlled release of 

paraquat pesticide. Journal of Materials Science, 45(18), 4977-4985. 

doi:10.1007/s10853-009-4180-6 

Arjmandi, R., Hassan, A., Eichhorn, S., Mohamad Haafiz, M. K., Zakaria, Z., and 

Tanjung, F. (2015). Enhanced ductility and tensile properties of hybrid 

montmorillonite/cellulose nanowhiskers reinforced polylactic acid 

nanocomposites. Journal of Materials Science, 50(8), 3118-3130. 

doi:10.1007/s10853-015-8873-8 

Arjmandi, R., Hassan, A., Haafiz, M. K. M., Zakaria, Z., and Islam, M. S. (2016). 

Effect of hydrolysed cellulose nanowhiskers on properties of 

montmorillonite/polylactic acid nanocomposites. International Journal of 

Biological Macromolecules, 82, 998-1010. 

doi:https://doi.org/10.1016/j.ijbiomac.2015.11.028 

Arnab, D., Bose, R., and Kumar, A. (2014). Worldwide Pesticide Use. Targeted 

Delivery of Pesticides Using Biodegradable Polymeric Nanoparticles, 5-6. 

doi:10.1007/978-81-322-1689-6_2 

Arrieta, M. P., López, J., Hernández, A., and Rayón, E. (2014). Ternary PLA–PHB–

Limonene blends intended for biodegradable food packaging applications. 

European Polymer Journal, 50, 255-270. 

doi:https://doi.org/10.1016/j.eurpolymj.2013.11.009 

Ashori, A. (2017). 2 - Hybrid thermoplastic composites using nonwood plant fibers. 

In V. K. Thakur, M. K. Thakur, & A. Pappu (Eds.), Hybrid Polymer Composite 

Materials (pp. 39-56): Woodhead Publishing. 

ASTM. (2016). ASTM E96 / E96M-16 Standard Test Methods for Water Vapor 

Transmission of Materials. West Conshohocken, PA, : ASTM International. 

 

 

 



177 

Aumeeruddy-Elalfi, Z., Lall, N., Fibrich, B., Blom van Staden, A., Hosenally, M., and 

Mahomoodally, M. F. (2018). Selected essential oils inhibit key physiological 

enzymes and possess intracellular and extracellular antimelanogenic properties 

in vitro. Journal of Food and Drug Analysis, 26(1), 232-243. 

doi:https://doi.org/10.1016/j.jfda.2017.03.002 

Azeredo, H. M., Mattoso, L. H., Wood, D., Williams, T. G., Avena-Bustillos, R. J., 

and McHugh, T. H. (2009). Nanocomposite edible films from mango puree 

reinforced with cellulose nanofibers. Journal of Food Science, 74(5), N31-35. 

doi:10.1111/j.1750-3841.2009.01186.x 

Azizi Samir, M. A. S., Alloin, F., and Dufresne, A. (2005). Review of Recent Research 

into Cellulosic Whiskers, Their Properties and Their Application in 

Nanocomposite Field. Biomacromolecules, 6(2), 612-626. 

doi:10.1021/bm0493685 

Balbinot-Alfaro, E., Craveiro, D. V., Lima, K. O., Costa, H. L. G., Lopes, D. R., and 

Prentice, C. (2019). Intelligent Packaging with pH Indicator Potential. Food 

Engineering Reviews, 11(4), 235-244. doi:10.1007/s12393-019-09198-9 

Baranauskienė, R., Venskutonis, P. R., Dewettinck, K., and Verhé, R. (2006). 

Properties of oregano (Origanum vulgare L.), citronella (Cymbopogon nardus 

G.) and marjoram (Majorana hortensis L.) flavors encapsulated into milk 

protein-based matrices. Food Research International, 39(4), 413-425. 

doi:http://dx.doi.org/10.1016/j.foodres.2005.09.005 

Bari, P., Lanjewar, S., Hansora, D. P., and Mishra, S. (2016). Influence of the coupling 

agent and graphene oxide on the thermal and mechanical behavior of tea dust-

polypropylene composites. Journal of Applied Polymer Science, 133(4), n/a-n/a. 

doi:10.1002/app.42927 

Batish, D. R., Singh, H. P., Kohli, R. K., and Kaur, S. (2008). Eucalyptus essential oil 

as a natural pesticide. Forest Ecology and Management, 256(12), 2166-2174. 

doi:https://doi.org/10.1016/j.foreco.2008.08.008 

Bauer Jr., K. W., Parnell, G. S., and Meyers, D. A. (1999). Response surface 

methodology as a sensitivity analysis tool in decision analysis. Journal of Multi-

Criteria Decision Analysis, 8(3), 162-180. doi:doi:10.1002/(SICI)1099-

1360(199905)8:3<162::AID-MCDA241>3.0.CO;2-X 

 



178 

Bhowmick, A., Jana, P., Pramanik, N., Mitra, T., Banerjee, S. L., Gnanamani, A., Das, 

M., and Kundu, P. P. (2016). Multifunctional zirconium oxide doped chitosan 

based hybrid nanocomposites as bone tissue engineering materials. 

Carbohydrate Polymers, 151, 879-888. doi:https://doi.org/10.1016/j. 

carbpol.2016.06.034 

Bhunia, K., Sablani, S. S., Tang, J., and Rasco, B. (2013). Migration of Chemical 

Compounds from Packaging Polymers during Microwave, Conventional Heat 

Treatment, and Storage. Comprehensive Reviews in Food Science and Food 

Safety, 12(5), 523-545. doi:doi:10.1111/1541-4337.12028 

Bonaccorso, F., Sun, Z., Hasan, T., and Ferrari, A. C. (2010). Graphene photonics and 

optoelectronics. Nature Photonics, 4, 611. doi:10.1038/nphoton.2010.186 

Boonruang, K., Chinsirikul, W., Hararak, B., Kerddonfag, N., and Chonhenchob, V. 

(2016). Antifungal Poly(lactic acid) Films Containing Thymol and Carvone. 

International Symposium on Materials Application and Engineering (Smae 

2016), 67, 06107. doi:UNSP 0610710.1051/matecconf/201667706107 

Boonruang, K., Kerddonfag, N., Chinsirikul, W., Mitcham, E. J., and Chonhenchob, 

V. (2017). Antifungal effect of poly(lactic acid) films containing thymol and R(-

)-carvone against anthracnose pathogens isolated from avocado and citrus. Food 

Control, 78, 85-93. doi:10.1016/j.foodcont.2017.02.032 

Box, G. E. P., and Behnken, D. W. (1960). Simplex-Sum Designs: A Class of Second 

Order Rotatable Designs Derivable From Those of First Order. Ann. Math. 

Statist., 31(4), 838-864. doi:10.1214/aoms/1177705661 

Brodie Benjamin, C. (1997). XIII. On the atomic weight of graphite. Philosophical 

Transactions of the Royal Society of London, 149, 249-259. 

doi:10.1098/rstl.1859.0013 

Buckle, J. (2003). Chapter 4 - Essential Oil Toxicity and Contraindications. In J. 

Buckle (Ed.), Clinical Aromatherapy (Second Edition) (pp. 76-101). Saint 

Louis: Churchill Livingstone. 

Bullangpoti, V., Mujchariyakul, W., Laksanavilat, N., and Junhirun, P. (2018). Acute 

toxicity of essential oil compounds (thymol and 1,8-cineole) to insectivorous 

guppy, Poecilia reticulata Peters, 1859. Agriculture and Natural Resources, 

52(2), 190-194. doi:https://doi.org/10.1016/j.anres.2018.06.011 



179 

CABI. (2018). Sitophilus oryzae (lesser grain weevil) In: Invasive Species 

Compendium  (Publication no. https://www.cabi.org/isc/datasheet/10887). from 

CAB International. https://www.cabi.org/isc/datasheet/10887 

Carvalho, F. P., Nhan, D. D., Zhong, C., Tavares, T., and Klaine, S. (1998). Tracking 

pesticides in the tropics [Press release] 

Casariego, A., Souza, B. W. S., Cerqueira, M. A., Teixeira, J. A., Cruz, L., Díaz, R., 

and Vicente, A. A. (2009). Chitosan/clay films' properties as affected by 

biopolymer and clay micro/nanoparticles' concentrations. Food Hydrocolloids, 

23(7), 1895-1902. doi:https://doi.org/10.1016/j.foodhyd.2009.02.007 

Cava, D., Giménez, E., Gavara, R., and Lagaron, J. M. (2006). Comparative 

Performance and Barrier Properties of Biodegradable Thermoplastics and 

Nanobiocomposites versus PET for Food Packaging Applications. Journal of 

Plastic Film and Sheeting, 22(4), 265-274. doi:10.1177/8756087906071354 

Celebi, H., and Gunes, E. (2018). Combined effect of a plasticizer and carvacrol and 

thymol on the mechanical, thermal, morphological properties of poly(lactic 

acid). Journal of Applied Polymer Science, 135(8), 45895. 

doi:10.1002/app.45895 

Cerisuelo, J. P., Alonso, J., Aucejo, S., Gavara, R., and Hernández-Muñoz, P. (2012). 

Modifications induced by the addition of a nanoclay in the functional and active 

properties of an EVOH film containing carvacrol for food packaging. Journal of 

Membrane Science, 423-424, 247-256. doi:10.1016/j.memsci.2012.08.021 

Chan, C. H., Chia, C. H., Zakaria, S., Ahmad, I., Dufresne, A., and Tshai, K. Y. (2014). 

Low filler content cellulose nanocrystal and graphene oxide reinforced 

polylactic acid film composites. Polymers Research Journal, 9(1), 165-176.  

Chang, C. P., Chang, J. C., Ichikawa, K., and Dobashi, T. (2005). Permeability of dye 

through poly(urea-urethane) microcapsule membrane prepared from mixtures of 

di- and tri-isocyanate. Colloids Surf B Biointerfaces, 44(4), 187-190. 

doi:10.1016/j.colsurfb.2005.06.013 

Chen, D., Wang, R., Tjiu, W. W., and Liu, T. (2011). High performance polyimide 

composite films prepared by homogeneity reinforcement of electrospun 

nanofibers. Composites Science and Technology, 71(13), 1556-1562. 

doi:10.1016/j.compscitech.2011.06.013 



180 

Chen, J., Yao, B., Li, C., and Shi, G. (2013). An improved Hummers method for eco-

friendly synthesis of graphene oxide. Carbon, 64, 225-229. 

doi:10.1016/j.carbon.2013.07.055 

Chen, Y., Yao, X., Zhou, X., Pan, Z., and Gu, Q. (2011). Poly(lactic acid)/graphene 

nanocomposites prepared via solution blending using chloroform as a mutual 

solvent. J Nanosci Nanotechnol, 11(9), 7813-7819.  

Cheng, Y., Deng, S., Chen, P., and Ruan, R. (2009). Polylactic acid (PLA) synthesis 

and modifications: a review. Frontiers of Chemistry in China, 4(3), 259-264. 

doi:10.1007/s11458-009-0092-x 

Choi, K., Nam, S., Lee, Y., Lee, M., Jang, J., Kim, S. J., Jeong, Y. J., Kim, H., Bae, 

S., Yoo, J. B., Cho, S. M., Choi, J. B., Chung, H. K., Ahn, J. H., Park, C. E., and 

Hong, B. H. (2015). Reduced Water Vapor Transmission Rate of Graphene Gas 

Barrier Films for Flexible Organic Field-Effect Transistors. Acs Nano, 9(6), 

5818-5824. doi:10.1021/acsnano.5b01161 

Choi, W. S., Park, B. S., Ku, S. K., and Lee, S. E. (2002). Repellent activities of 

essential oils and monoterpenes against Culex pipiens pallens. Journal of the 

American Mosquito Control Association, 18(4), 348-351.  

Chow, W. S., Leu, Y. Y., and Mohd Ishak, Z. A. (2014). Water Absorption of 

Poly(lactic acid) Nanocomposites: Effects of Nanofillers and Maleated Rubbers. 

Polymer-Plastics Technology and Engineering, 53(8), 858-863. 

doi:10.1080/03602559.2014.886054 

Chung, S. K., Seo, J. Y., Lim, J. H., Park, H. H., Kim, Y. T., Song, K. H., Park, S. J., 

Han, S. S., Park, Y. S., and Park, H. J. (2011). Barrier property and penetration 

traces in packaging films against Plodia interpunctella (Hübner) larvae and 

Tribolium castaneum (Herbst) adults. Journal of Stored Products Research, 

47(2), 101-105. doi:https://doi.org/10.1016/j.jspr.2011.01.005 

Cochran, W. G., and Cox, G. M. (1992). Experimental Designs, 2nd Edition (I. Wiley 

and Sons Ed.). 

Cozzolino, C. A., Nilsson, F., Iotti, M., Sacchi, B., Piga, A., and Farris, S. (2013). 

Exploiting the nano-sized features of microfibrillated cellulose (MFC) for the 

development of controlled-release packaging. Colloids Surf B Biointerfaces, 

110, 208-216. doi:10.1016/j.colsurfb.2013.04.046 

D'Ormea, G. (1919). Thymol Ointment as a Culicifuge for Troops in Malarial 

Localities. Giornale di Medicina Militare, 67(2), 296-300.  



181 

De, B., Gupta, K., Mandal, M., and Karak, N. (2015). Tough hyperbranched 

epoxy/neem-oil-modified OMMT thermosetting nanocomposite with an 

antimicrobial attribute. New Journal of Chemistry, 39(1), 595-603. 

doi:10.1039/c4nj01558d 

Deepa, B., Chirayil, C. J., Pothan, L. A., and Thomas, S. (2019). Chapter 4 - 

Lignocellulose-Based Nanoparticles and Nanocomposites: Preparation, 

Properties, and Applications. In H. Ariffin, S. M. Sapuan, & M. A. Hassan 

(Eds.), Lignocellulose for Future Bioeconomy (pp. 41-69): Elsevier. 

Del Nobile, M. A., Conte, A., Incoronato, A. L., and Panza, O. (2008). Antimicrobial 

efficacy and release kinetics of thymol from zein films. Journal of Food 

Engineering, 89(1), 57-63. doi:10.1016/j.jfoodeng.2008.04.004 

Desobry, S., and Debeaufort, F. (2015). Encapsulation of Flavors, Nutraceuticals, and 

Antibacterials. In M. Mishra (Ed.), Handbook of Encapsulation and Controlled 

Release (1st ed., pp. 801-832). Boca Raton: CRC Press. 

Dideikin, A. T., and Vul', A. Y. (2019). Graphene Oxide and Derivatives: The Place 

in Graphene Family. Frontiers in Physics, 6(149). doi:10.3389/fphy.2018.00149 

Ditta, A. (2012). How helpful is nanotechnology in agriculture? Advances in Natural 

Sciences: Nanoscience and Nanotechnology, 3(3), 033002. doi:10.1088/2043-

6262/3/3/033002 

Dubey, R. (2009). Microencapsulation technology and applications. Defence Science 

Journal, 59(1), 82.  

Duncan, R. (2006). Polymer conjugates as anticancer nanomedicines. Nature Reviews 

Cancer, 6(9), 688-701. doi:10.1038/nrc1958 

Eason, C., Ross, J., Blackie, H., and Fairweather, A. (2013). Toxicology and 

ecotoxicology of zinc phosphide as used for pest control in New Zealand. New 

Zealand Journal of Ecology, 1-11.  

Fahma, F., Iwamoto, S., Hori, N., Iwata, T., and Takemura, A. (2010). Isolation, 

preparation, and characterization of nanofibers from oil palm empty-fruit-bunch 

(OPEFB). Cellulose, 17(5), 977-985. doi:10.1007/s10570-010-9436-4 

Fateixa, S., Soares, S. F., Daniel-da-Silva, A. L., Nogueira, H. I., and Trindade, T. 

(2015). Silver-gelatine bionanocomposites for qualitative detection of a 

pesticide by SERS. Analyst, 140(5), 1693-1701. doi:10.1039/c4an02105c 

 



182 

Faulde, M. K., Uedelhoven, W. M., and Robbins, R. G. (2003). Contact Toxicity and 

Residual Activity of Different Permethrin-Based Fabric Impregnation Methods 

for Aedes aegypti (Diptera: Culicidae), Ixodes ricinus (Acari: Ixodidae), and 

Lepisma saccharina (Thysanura: Lepismatidae). Journal of Medical 

Entomology, 40(6), 935-941. doi:10.1603/0022-2585-40.6.935 

Field, L. D., Sternhell, S., and Kalman, J. R. (2013). Organic Structures from Spectra: 

Wiley. 

Frank, A., Rath, S. K., and Venkatraman, S. S. (2005). Controlled release from 

bioerodible polymers: effect of drug type and polymer composition. Journal of 

Controlled Release, 102(2), 333-344. 

doi:https://doi.org/10.1016/j.jconrel.2004.10.019 

Fu, Y., and Kao, W. J. (2010). Drug release kinetics and transport mechanisms of non-

degradable and degradable polymeric delivery systems. Expert opinion on drug 

delivery, 7(4), 429-444. doi:10.1517/17425241003602259 

Fukushima, K., and Kimura, Y. (2006). Stereocomplexed polylactides (Neo-PLA) as 

high-performance bio-based polymers: their formation, properties, and 

application. Polymer International, 55(6), 626-642. doi:10.1002/pi.2010 

Galpaya, Dilini, Wang, Mingchao, Yan, Cheng, Liu, Meinan, Motta, Nunzio, 

Waclawik, and R., E. (2013). Fabrication and mechanical and thermal behaviour 

of graphene oxide/epoxy nanocomposites. Journal of Multifunctional 

Composites, 1(2), 91-98.  

Gao, S., Tang, G., Hua, D., Xiong, R., Han, J., Jiang, S., Zhang, Q., and Huang, C. 

(2019). Stimuli-responsive bio-based polymeric systems and their applications. 

Journal of Materials Chemistry B, 7(5), 709-729. doi:10.1039/C8TB02491J 

Gårdebjer, S., Bergstrand, A., and Larsson, A. (2014). A mechanistic approach to 

explain the relation between increased dispersion of surface modified cellulose 

nanocrystals and final porosity in biodegradable films. European Polymer 

Journal, 57, 160-168. doi:https://doi.org/10.1016/j.eurpolymj.2014.05.020 

George, S. C., and Thomas, S. (2001). Transport phenomena through polymeric 

systems. Progress in Polymer Science, 26(6), 985-1017. 

doi:https://doi.org/10.1016/S0079-6700(00)00036-8 

 

 



183 

Germinara, G. S., Conte, A., Lecce, L., Di Palma, A., and Del Nobile, M. A. (2010). 

Propionic acid in bio-based packaging to prevent Sitophilus granarius (L.) 

(Coleoptera, Dryophthoridae) infestation in cereal products. Innovative Food 

Science & Emerging Technologies, 11(3), 498-502. 

doi:10.1016/j.ifset.2010.03.001 

Germinara, G. S., De Cristofaro, A., and Rotundo, G. (2008). Behavioral Responses 

of Adult Sitophilus granarius to Individual Cereal Volatiles. Journal of Chemical 

Ecology, 34(4), 523-529. doi:10.1007/s10886-008-9454-y 

Gomes, C., Moreira, R. G., and Castell-Perez, E. (2011). Poly (DL-lactide-co-

glycolide) (PLGA) Nanoparticles with Entrappedtrans-Cinnamaldehyde and 

Eugenol for Antimicrobial Delivery Applications. Journal of Food Science, 

76(2), N16-N24. doi:doi:10.1111/j.1750-3841.2010.01985.x 

Gong, M., Zhao, Q., Dai, L., Li, Y., and Jiang, T. (2017). Fabrication of polylactic 

acid/hydroxyapatite/graphene oxide composite and their thermal stability, 

hydrophobic and mechanical properties. Journal of Asian Ceramic Societies, 5. 

doi:10.1016/j.jascer.2017.04.001 

Grillo, R., Pereira, A. d. E. S., de Melo, N. F. S., Porto, R. M., Feitosa, L. O., Tonello, 

P. S., Filho, N. L. D., Rosa, A. H., Lima, R., and Fraceto, L. F. (2011). Controlled 

release system for ametryn using polymer microspheres: Preparation, 

characterization and release kinetics in water. Journal of Hazardous Materials, 

186(2), 1645-1651. doi:https://doi.org/10.1016/j.jhazmat.2010.12.044 

Guan, L.-Z., Wan, Y.-J., Gong, L.-X., Yan, D., Tang, L.-C., Wu, L.-B., Jiang, J.-X., 

and Lai, G.-Q. (2014). Toward effective and tunable interphases in graphene 

oxide/epoxy composites by grafting different chain lengths of polyetheramine 

onto graphene oxide. Journal of Materials Chemistry A, 2(36), 15058-15069. 

doi:10.1039/C4TA02429J 

Guo, H.-L., Wang, X.-F., Qian, Q.-Y., Wang, F.-B., and Xia, X.-H. (2009). A Green 

Approach to the Synthesis of Graphene Nanosheets. Acs Nano, 3(9), 2653-2659. 

doi:10.1021/nn900227d 

Ha, C.-S. (2018). Polymer Based Hybrid Nanocomposites; A Progress Toward 

Enhancing Interfacial Interaction and Tailoring Advanced Applications. The 

Chemical Record, 18(7-8), 759-775. doi:doi:10.1002/tcr.201700030 

 



184 

Haafiz, M. K., Hassan, A., Zakaria, Z., and Inuwa, I. M. (2014). Isolation and 

characterization of cellulose nanowhiskers from oil palm biomass 

microcrystalline cellulose. Carbohydr Polym, 103, 119-125. 

doi:10.1016/j.carbpol.2013.11.055 

Haafiz, M. K. M., Hassan, A., Khalil, H. P. S. A., Fazita, M. R. N., Islam, M. S., Inuwa, 

I. M., Marliana, M. M., and Hussin, M. H. (2016). Exploring the effect of 

cellulose nanowhiskers isolated from oil palm biomass on polylactic acid 

properties. International Journal of Biological Macromolecules, 85, 370-378. 

doi:https://doi.org/10.1016/j.ijbiomac.2016.01.004 

Hakimi, M., and Alimard, P. (2012). Graphene: Synthesis and Applications in 

Biotechnology -A Review. World Applied Programming, 2, 377-388.  

Han, E., Yu, J., Annevelink, E., Son, J., Kang, D. A., Watanabe, K., Taniguchi, T., 

Ertekin, E., Huang, P. Y., and van der Zande, A. M. (2020). Ultrasoft slip-

mediated bending in few-layer graphene. Nature Materials, 19(3), 305-309. 

doi:10.1038/s41563-019-0529-7 

Hebeish, A., Fouda, M. M. G., Hamdy, I. A., El-Sawy, S. M., and Abdel-Mohdy, F. 

A. (2008). Preparation of durable insect repellent cotton fabric: Limonene as 

insecticide. Carbohydrate Polymers, 74(2), 268-273. 

doi:http://dx.doi.org/10.1016/j.carbpol.2008.02.013 

Hekmat, A., Barati, A., Frahani, E. V., and Afraz, A. (2009). Synthesis and Analysis 

of Swelling and Controlled Release Behaviour of Anionic sIPN Acrylamide 

based Hydrogels. World Acad Sci Eng Technol, 56, 96-100.  

Henriksson, M., Henriksson, G., Berglund, L. A., and Lindström, T. (2007). An 

environmentally friendly method for enzyme-assisted preparation of 

microfibrillated cellulose (MFC) nanofibers. European Polymer Journal, 43(8), 

3434-3441. doi:https://doi.org/10.1016/j.eurpolymj.2007.05.038 

Hernandez, Y., Nicolosi, V., Lotya, M., Blighe, F. M., Sun, Z., De, S., McGovern, I. 

T., Holland, B., Byrne, M., Gun'Ko, Y. K., Boland, J. J., Niraj, P., Duesberg, G., 

Krishnamurthy, S., Goodhue, R., Hutchison, J., Scardaci, V., Ferrari, A. C., and 

Coleman, J. N. (2008). High-yield production of graphene by liquid-phase 

exfoliation of graphite. Nature Nanotechnology, 3, 563. 

doi:10.1038/nnano.2008.215https://www.nature.com/articles/nnano.2008.215#

supplementary-information 



185 

Herrick, F. W., Casebier, R. L., Hamilton, J. K., and Sandberg, K. R. (1983). 

Microfibrillated Cellulose: Morphology and accessibility (Vol. 37). 

Hezaveh, H., Muhamad, I., Noshadi, I., Fen, L., and Ngadi, N. (2012). Swelling 

behaviour and controlled drug release from cross-linked -carrageenan/NaCMC 

hydrogel by diffusion mechanism. Journal of Microencapsulation, 29, 368-379. 

doi:10.3109/02652048.2011.651501 

Hezaveh, H., and Muhamad, I. I. (2013). Modification and swelling kinetic study of 

kappa-carrageenan-based hydrogel for controlled release study. Journal of the 

Taiwan Institute of Chemical Engineers, 44(2), 182-191. 

doi:https://doi.org/10.1016/j.jtice.2012.10.011 

Hidayah, N. M. S., Liu, W.-W., Lai, C.-W., Noriman, N. Z., Khe, C.-S., Hashim, U., 

and Lee, H. C. (2017). Comparison on graphite, graphene oxide and reduced 

graphene oxide: Synthesis and characterization. AIP Conference Proceedings, 

1892(1), 150002. doi:10.1063/1.5005764 

Higginbotham, A. L., Lomeda, J. R., Morgan, A. B., and Tour, J. M. (2009). Graphite 

Oxide Flame-Retardant Polymer Nanocomposites. ACS Appl Mater Interfaces, 

1(10), 2256-2261. doi:10.1021/am900419m 

Hill, D. S. (2008). Pesticide application. In D. S. Hill (Ed.), Pests of Crops in Warmer 

Climates and Their Control (pp. 93-105). Dordrecht: Springer Netherlands. 

Hong, K.-J., Lee, W., Park, Y.-J., and Yang, J.-O. (2018). First confirmation of the 

distribution of rice weevil, Sitophilus oryzae, in South Korea. Journal of Asia-

Pacific Biodiversity, 11(1), 69-75. 

doi:https://doi.org/10.1016/j.japb.2017.12.005 

Hopkinson, M. J., Collins, H. M., and Goss, G. R. (1996). Pesticide Formulations and 

Application Systems: 16th Volume. 

Hossain, K. M. Z., Ahmed, I., Parsons, A. J., Scotchford, C. A., Walker, G. S., 

Thielemans, W., and Rudd, C. D. (2012). Physico-chemical and mechanical 

properties of nanocomposites prepared using cellulose nanowhiskers and 

poly(lactic acid). Journal of Materials Science, 47(6), 2675-2686. 

doi:10.1007/s10853-011-6093-4 

Hsu, H.-C., Wang, C.-H., Chang, Y.-C., Hu, J.-H., Yao, B.-Y., and Lin, C.-Y. (2015). 

Graphene oxides and carbon nanotubes embedded in polyacrylonitrile-based 

carbon nanofibers used as electrodes for supercapacitor. Journal of Physics and 

Chemistry of Solids, 85, 62-68. doi:https://doi.org/10.1016/j.jpcs.2015.04.010 



186 

Hu, K. S., Kulkarni, D. D., Choi, I., and Tsukruk, V. V. (2014). Graphene-polymer 

nanocomposites for structural and functional applications. Progress in Polymer 

Science, 39(11), 1934-1972. doi:10.1016/j.progpolymsci.2014.03.001 

Hua, W., Xiuzhi, S., and Paul, S. (2001). Strengthening blends of poly(lactic acid) and 

starch with methylenediphenyl diisocyanate. Journal of Applied Polymer 

Science, 82(7), 1761-1767. doi:doi:10.1002/app.2018 

Huang, H.-D., Ren, P.-G., Xu, J.-Z., Xu, L., Zhong, G.-J., Hsiao, B. S., and Li, Z.-M. 

(2014). Improved barrier properties of poly(lactic acid) with randomly dispersed 

graphene oxide nanosheets. Journal of Membrane Science, 464, 110-118. 

doi:https://doi.org/10.1016/j.memsci.2014.04.009 

Hubbe, M. A., Rojas, O. J., Lucia, L. A., and Sain, M. (2008). Cellulosic 

Nanocomposites: A Review. BioResources, 3(3), 929-980.  

Hwang, S. W., Shim, J. K., Selke, S. E., Soto-Valdez, H., Matuana, L., Rubino, M., 

and Auras, R. (2012). Poly(L-lactic acid) with added α-tocopherol and 

resveratrol: optical, physical, thermal and mechanical properties. Polymer 

International, 61(3), 418-425. doi:doi:10.1002/pi.3232 

Idris, A., Kormin, F., and Noordin, M. Y. (2006). Application of response surface 

methodology in describing the performance of thin film composite membrane. 

Separation and Purification Technology, 49(3), 271-280. 

doi:10.1016/j.seppur.2005.10.010 

Inc, I. M. (2018). World - Pesticides - Market Analysis, Forecast, Size, Trends and 

Insights.  Retrieved November 20, 2018, from IndexBox Marketing Inc 

Iriondo, P., Iruin, J. J., and Fernandez-Berridi, M. J. (1996). Association Equilibria 

and Miscibility Prediction in Blends of Poly(vinylphenol) with 

Poly(hydroxybutyrate) and Related Homo- and Copolymers:  An FTIR Study. 

Macromolecules, 29(17), 5605-5610. doi:10.1021/ma960286l 

Irissin-Mangata, J., Bauduin, G., Boutevin, B., and Gontard, N. (2001). New 

plasticizers for wheat gluten films. European Polymer Journal, 37(8), 1533-

1541. doi:https://doi.org/10.1016/S0014-3057(01)00039-8 

Ishak, Z. A. M., and Berry, J. P. (1994). Hygrothermal aging studies of short carbon 

fiber reinforced nylon 6.6. Journal of Applied Polymer Science, 51(13), 2145-

2155. doi:10.1002/app.1994.070511306 



187 

Işıklan, N. (2007). Controlled release study of carbaryl insecticide from calcium 

alginate and nickel alginate hydrogel beads. Journal of Applied Polymer Science, 

105(2), 718-725. doi:10.1002/app.26078 

Isman, M. B. (2000). Plant essential oils for pest and disease management. Crop 

Protection, 19(8), 603-608. doi:https://doi.org/10.1016/S0261-2194(00)00079-

X 

Ivanov, E., Kotsilkova, R., Xia, H., Chen, Y., Donato, R., Donato, K., Godoy, A., Di 

Maio, R., Silvestre, C., Cimmino, S., and Angelov, V. (2019). 

PLA/Graphene/MWCNT Composites with Improved Electrical and Thermal 

Properties Suitable for FDM 3D Printing Applications. Applied Sciences, 9(6), 

1209. doi:10.3390/app9061209 

Iwatake, A., Nogi, M., and Yano, H. (2008). Cellulose nanofiber-reinforced polylactic 

acid. Composites Science and Technology, 68(9), 2103-2106. 

doi:https://doi.org/10.1016/j.compscitech.2008.03.006 

Jacob, J., and Leukers, A. (2008). Preference of birds for zinc phosphide bait 

formulations. Pest Management Science, 64(1), 74-80. doi:10.1002/ps.1476 

Jamshidian, M., Tehrany, E. A., Imran, M., Jacquot, M., and Desobry, S. (2010). Poly-

Lactic Acid: Production, Applications, Nanocomposites, and Release Studies. 

Comprehensive Reviews in Food Science and Food Safety, 9(5), 552-571. 

doi:10.1111/j.1541-4337.2010.00126.x 

Jang, Y.-S., Yang, Y.-C., Choi, D.-S., and Ahn, Y.-J. (2005). Vapor Phase Toxicity of 

Marjoram Oil Compounds and Their Related Monoterpenoids to Blattella 

germanica (Orthoptera:  Blattellidae). Journal of Agricultural and Food 

Chemistry, 53(20), 7892-7898. doi:10.1021/jf051127g 

Jaseem, S. M., and Ali, N. A. (2019). Antistatic packaging of carbon black on 

plastizers biodegradable polylactic acid nanocomposites. Journal of Physics: 

Conference Series, 1279, 012046. doi:10.1088/1742-6596/1279/1/012046 

John, M. J., and Thomas, S. (2008). Biofibres and biocomposites. Carbohydrate 

Polymers, 71(3), 343-364. doi:10.1016/j.carbpol.2007.05.040 

Jonoobi, M., Harun, J., Mathew, A. P., and Oksman, K. (2010). Mechanical properties 

of cellulose nanofiber (CNF) reinforced polylactic acid (PLA) prepared by twin 

screw extrusion. Composites Science and Technology, 70(12), 1742-1747. 

doi:https://doi.org/10.1016/j.compscitech.2010.07.005 



188 

Jonoobi, M., Khazaeian, A., Tahir, P. M., Azry, S. S., and Oksman, K. (2011). 

Characteristics of cellulose nanofibers isolated from rubberwood and empty fruit 

bunches of oil palm using chemo-mechanical process. Cellulose, 18(4), 1085-

1095. doi:10.1007/s10570-011-9546-7 

Kadokawa, J.-i., Murakami, M.-a., Takegawa, A., and Kaneko, Y. (2009). Preparation 

of cellulose–starch composite gel and fibrous material from a mixture of the 

polysaccharides in ionic liquid. Carbohydrate Polymers, 75(1), 180-183. 

doi:https://doi.org/10.1016/j.carbpol.2008.07.021 

Karbowiak, T., Debeaufort, F., Champion, D., and Voilley, A. (2006). Wetting 

properties at the surface of iota-carrageenan-based edible films. Journal of 

Colloid and Interface Science, 294(2), 400-410. 

doi:https://doi.org/10.1016/j.jcis.2005.07.030 

Kawasaki, H., Nakai, K., Arakawa, R., Athanassiou, E. K., Grass, R. N., and Stark, W. 

J. (2012). Functionalized graphene-coated cobalt nanoparticles for highly 

efficient surface-assisted laser desorption/ionization mass spectrometry analysis. 

Analytical Chemistry, 84(21), 9268-9275. doi:10.1021/ac302004g 

Khairuddin, N. (2016). Antimicrobial active and smart film with synergical effect of 

thymol and colour indicator. (Doctor Philosophy), Universiti Teknologi 

Malaysia, School of Chemical Engineering and Energy Department.   

(35000000026135) 

Khani, M., Marouf, A., Amini, S., Yazdani, D., Farashiani, M. E., Ahvazi, M., 

Khalighi-Sigaroodi, F., and Hosseini-Gharalari, A. (2017). Efficacy of Three 

Herbal Essential Oils Against Rice Weevil, Sitophilus oryzae (Coleoptera: 

Curculionidae). Journal of Essential Oil Bearing Plants, 20(4), 937-950. 

doi:10.1080/0972060X.2017.1355748 

Kim, G. M., Lee, D. H., Hoffmann, B., Kressler, J., and Stöppelmann, G. (2001). 

Influence of nanofillers on the deformation process in layered 

silicate/polyamide-12 nanocomposites. Polymer, 42(3), 1095-1100. 

doi:https://doi.org/10.1016/S0032-3861(00)00468-7 

Kim, H., Abdala, A. A., and Macosko, C. W. (2010). Graphene/Polymer 

Nanocomposites. Macromolecules, 43(16), 6515-6530. doi:10.1021/ma100572e 

 

 



189 

Kim, I.-H., and Jeong, Y. G. (2010). Polylactide/exfoliated graphite nanocomposites 

with enhanced thermal stability, mechanical modulus, and electrical 

conductivity. Journal of Polymer Science Part B: Polymer Physics, 48(8), 850-

858. doi:doi:10.1002/polb.21956 

Kim, I. H., Han, J., Na, J. H., Chang, P. S., Chung, M. S., Park, K. H., and Min, S. C. 

(2013). Insect-resistant food packaging film development using cinnamon oil 

and microencapsulation technologies. Journal of Food Science, 78(2), E229-

237. doi:10.1111/1750-3841.12006 

Kim, J. C., Lee, H. Y., Kim, M. H., Lee, H. J., Kang, H. Y., and Kim, S. M. (2006). 

Preparation and characterization of chitosan/gelatin microcapsules containing 

triclosan. Colloids Surf B Biointerfaces, 52(1), 52-56. 

doi:10.1016/j.colsurfb.2006.07.001 

Kimoto, N., Takahashi, A., and Inubushi, K. (2007). Design and release profile of 

timed-release coated granules of systemic insecticide. Journal of Pesticide 

Science, 32(4), 402-406. doi:10.1584/jpestics.G07-16 

Kirkeby, C., Wellenreuther, M., and Brydegaard, M. (2016). Observations of 

movement dynamics of flying insects using high resolution lidar. Scientific 

Reports, 6, 29083-29083. doi:10.1038/srep29083 

Kirsch, R., Heckel, D. G., and Pauchet, Y. (2016). How the rice weevil breaks down 

the pectin network: Enzymatic synergism and sub-functionalization. Insect 

Biochemistry and Molecular Biology, 71, 72-82. 

doi:https://doi.org/10.1016/j.ibmb.2016.02.007 

Klosterhalfen, B., Klinge, U., and Schumpelick, V. (1998). Functional and 

morphological evaluation of different polypropylene-mesh modifications for 

abdominal wall repair. Biomaterials, 19(24), 2235-2246. 

doi:https://doi.org/10.1016/S0142-9612(98)00115-X 

Knowles, A. (2007). Recent developments of safer formulations of agrochemicals. The 

Environmentalist, 28(1), 35-44. doi:10.1007/s10669-007-9045-4 

Koehler, P. G. (1994). Rice weevil, Sitophilus oryzae (Coleoptera: Curculionidae). 

ENY-261. In n. o. F. a. A. S. U. o. Florida (Ed.), (pp. 4). Florida, USA Florida 

Cooperative Extension Service. 

Krishnan, S., Pandey, P., Mohanty, S., and Nayak, S. K. (2016). Toughening of 

Polylactic Acid: An Overview of Research Progress. Polymer-Plastics 

Technology and Engineering, 55(15), 1623-1652.  



190 

Kroll, J., and Rawel, H. M. (2001). Reactions of Plant Phenols with Myoglobin: 

Influence of Chemical Structure of the Phenolic Compounds. Journal of Food 

Science, 66(1), 48-58. doi:10.1111/j.1365-2621.2001.tb15580.x 

Kuan, C.-F., Kuan, H.-C., Ma, C.-C. M., and Chen, C.-H. (2008). Mechanical and 

electrical properties of multi-wall carbon nanotube/poly(lactic acid) composites. 

Journal of Physics and Chemistry of Solids, 69(5–6), 1395-1398. 

doi:http://dx.doi.org/10.1016/j.jpcs.2007.10.060 

Kuilla, T., Bhadra, S., Yao, D., Kim, N. H., Bose, S., and Lee, J. H. (2010). Recent 

advances in graphene based polymer composites. Progress in Polymer Science, 

35(11), 1350-1375. doi:https://doi.org/10.1016/j.progpolymsci.2010.07.005 

Kulkarni Vishakha, S., Butte Kishor, D., and Rathod Sudha, S. (2012). Natural 

Polymers–a comprehensive review. International Journal of Research in 

Pharmaceutical and Biomedical Sciences, 3(4), 1597-1613.  

Laxmeshwar, S. S., Madhu Kumar, D. J., Viveka, S., and Nagaraja, G. K. (2012). 

Preparation and Properties of Biodegradable Film Composites Using Modified 

Cellulose Fibre-Reinforced with PVA. ISRN Polymer Science, 2012, 8. 

doi:10.5402/2012/154314 

Lee, H. C., Liu, W.-W., Chai, S.-P., Mohamed, A. R., Aziz, A., Khe, C.-S., Hidayah, 

N. M. S., and Hashim, U. (2017). Review of the synthesis, transfer, 

characterization and growth mechanisms of single and multilayer graphene. RSC 

Advances, 7(26), 15644-15693. doi:10.1039/C7RA00392G 

Lee, J., Chae, H. R., Won, Y. J., Lee, K., Lee, C. H., Lee, H. H., Kim, I. C., and Lee, 

J. M. (2013). Graphene oxide nanoplatelets composite membrane with 

hydrophilic and antifouling properties for wastewater treatment. Journal of 

Membrane Science, 448, 223-230. doi:10.1016/j.memsci.2013.08.017 

Lee, J. M., Heitmann, J. A., and Pawlak, J. J. (2007). Local morphological and 

dimensional changes of enzyme-degraded cellulose materials measured by 

atomic force microscopy. Cellulose, 14(6), 643-653. doi:10.1007/s10570-007-

9172-6 

Lee, S. H., Kim, I. Y., and Song, W. S. (2014). Biodegradation of polylactic acid (PLA) 

fibers using different enzymes. Macromolecular Research, 22(6), 657-663. 

doi:10.1007/s13233-014-2107-9 



191 

Lee, S. Y., Xu, Y. X., and Hanna, M. A. (2007). Tapioca Starch-poly (lactic acid)-

based Nanocomposite Foams as Affected by Type of Nanoclay. International 

Polymer Processing, 22(5), 429-435. doi:10.3139/217.2054 

Letter, D. W., Seidel, R., and Liebhardt, W. (2003). The performance of organic and 

conventional cropping systems in an extreme climate year. American Journal of 

Alternative Agriculture, 18(3), 146-154. doi:10.1079/AJAA200345 

Leung, K., Xuan, S., Zhu, X., Wang, D., Chak, C.-P., Lee, S.-F., K-W Ho, W., and C-

T Chung, B. (2012). Gold and Iron Oxide Hybrid Nanocomposite Materials 

(Vol. 41). 

Li, S., Yuan, H., Yu, T., Yuan, W., and Ren, J. (2009). Flame-retardancy and anti-

dripping effects of intumescent flame retardant incorporating montmorillonite 

on poly(lactic acid). Polymers for Advanced Technologies, 20(12), 1114-1120. 

doi:10.1002/pat.1372 

Licciardello, F., Muratore, G., Suma, P., Russo, A., and Nerín, C. (2013). 

Effectiveness of a novel insect-repellent food packaging incorporating essential 

oils against the red flour beetle (Tribolium castaneum). Innovative Food Science 

& Emerging Technologies, 19, 173-180. 

doi:https://doi.org/10.1016/j.ifset.2013.05.002 

Lim, G.-O., Jang, S.-A., and Song, K. B. (2010). Physical and antimicrobial properties 

of Gelidium corneum/nano-clay composite film containing grapefruit seed 

extract or thymol. Journal of Food Engineering, 98(4), 415-420.  

Limpisophon, K., Tanaka, M., and Osako, K. (2010). Characterisation of gelatin–fatty 

acid emulsion films based on blue shark (Prionace glauca) skin gelatin. Food 

Chemistry, 122(4), 1095-1101. 

doi:https://doi.org/10.1016/j.foodchem.2010.03.090 

Liu, C., Wang, Z., Huang, Y. a., Xie, H., Liu, Z., Chen, Y., Lei, W., Hu, L., Zhou, Y., 

and Cheng, R. (2013). One-pot preparation of unsaturated polyester 

nanocomposites containing functionalized graphene sheets via a novel solvent-

exchange method. RSC Advances, 3(44), 22380-22388. 

doi:10.1039/C3RA42549E 

Liu, D., Li, H., Jiang, L., Chuan, Y., Yuan, M., and Chen, H. (2016). Characterization 

of Active Packaging Films Made from Poly(Lactic Acid)/Poly(Trimethylene 

Carbonate) Incorporated with Oregano Essential Oil. Molecules, 21(6), 695.  



192 

Liu, S., Zeng, T. H., Hofmann, M., Burcombe, E., Wei, J., Jiang, R., Kong, J., and 

Chen, Y. (2011). Antibacterial Activity of Graphite, Graphite Oxide, Graphene 

Oxide, and Reduced Graphene Oxide: Membrane and Oxidative Stress. Acs 

Nano, 5(9), 6971-6980. doi:10.1021/nn202451x 

Lotya, M., Hernandez, Y., King, P. J., Smith, R. J., Nicolosi, V., Karlsson, L. S., 

Blighe, F. M., De, S., Wang, Z., McGovern, I. T., Duesberg, G. S., and Coleman, 

J. N. (2009). Liquid Phase Production of Graphene by Exfoliation of Graphite in 

Surfactant/Water Solutions. Journal of the American Chemical Society, 131(10), 

3611-3620. doi:10.1021/ja807449u 

Luiz de Paula, E., Mano, V., and Pereira, F. V. (2011). Influence of cellulose 

nanowhiskers on the hydrolytic degradation behavior of poly(d,l-lactide). 

Polymer Degradation and Stability, 96(9), 1631-1638. 

doi:10.1016/j.polymdegradstab.2011.06.006 

Lvov, Y. M., Shchukin, D. G., Mohwald, H., and Price, R. R. (2008). Halloysite clay 

nanotubes for controlled release of protective agents. Acs Nano, 2(5), 814-820. 

814-820. doi:10.1021/nn800259q  

Lyu, F., Hai, X.-X., Wang, Z.-G., and Bi, Y. (2018). Influence of visual cues on 

oviposition site searching and learning behavior in the parasitic beetle Dastarcus 

helophoroides (Fairmaire) (Coleoptera: Bothrideridae). Scientific Reports, 8(1), 

17331-17331. doi:10.1038/s41598-018-35580-4 

Ma, X., Chang, P. R., and Yu, J. (2008). Properties of biodegradable thermoplastic pea 

starch/carboxymethyl cellulose and pea starch/microcrystalline cellulose 

composites. Carbohydrate Polymers, 72(3), 369-375. 

doi:https://doi.org/10.1016/j.carbpol.2007.09.002 

Ma, X., Yu, J., and Kennedy, J. F. (2005). Studies on the properties of natural fibers-

reinforced thermoplastic starch composites. Carbohydrate Polymers, 62(1), 19-

24. doi:https://doi.org/10.1016/j.carbpol.2005.07.015 

Maji, T. K., and Hussain, M. R. (2009). Microencapsulation of Zanthoxylum limonella 

oil (ZLO) in genipin crosslinked chitosan–gelatin complex for mosquito 

repellent application. Journal of Applied Polymer Science, 111(2), 779-785.  

Mao, S., Pu, H., and Chen, J. (2012). Graphene oxide and its reduction: modeling and 

experimental progress. RSC Advances, 2(7), 2643-2662. 

doi:10.1039/C2RA00663D 



193 

Mastromatteo, M., Barbuzzi, G., Conte, A., and Del Nobile, M. A. (2009). Controlled 

release of thymol from zein based film. Innovative Food Science & Emerging 

Technologies, 10(2), 222-227. doi:https://doi.org/10.1016/j.ifset.2008.11.010 

Mathew, A. P., Thielemans, W., and Dufresne, A. (2008). Mechanical properties of 

nanocomposites from sorbitol plasticized starch and tunicin whiskers. Journal 

of Applied Polymer Science, 109(6), 4065-4074. doi:10.1002/app.28623 

Mathre, D., Johnston, R., and Grey, W. (2001). Small Grain Cereal Seed Treatment. 

The Plant Health Instructor. doi:10.1094/PHI-I-2001-1008-01 

Montes, S., Etxeberria, A., Mocholi, V., Rekondo, A., Grande, H., and Labidi, J. 

(2018). Effect of combining cellulose nanocrystals and graphene nanoplatelets 

on the properties of poly(lactic acid) based films. eXPRESS Polymer Letters, 

12(6), 543-555. doi:10.3144/expresspolymlett.2018.45 

Montgomery, D. C. (2008). Design and Analysis of Experiments (D. C. Montgomery 

Ed. 8 ed.). Tempe Arizona: John Wiley & Sons. 

Morán, J. I., Alvarez, V. A., Cyras, V. P., and Vázquez, A. (2007). Extraction of 

cellulose and preparation of nanocellulose from sisal fibers. Cellulose, 15(1), 

149-159. doi:10.1007/s10570-007-9145-9 

Mossi, A. J., Astolfi, V., Kubiak, G., Lerin, L., Zanella, C., Toniazzo, G., Oliveira, D. 

d., Treichel, H., Devilla, I. A., and Cansian, R. (2011). Insecticidal and 

repellency activity of essential oil of Eucalyptus sp. against Sitophilus zeamais 

Motschulsky (Coleoptera, Curculionidae). Journal of the Science of Food and 

Agriculture, 91(2), 273-277.  

Mossi, A. J., Zanella, C. A., Kubiak, G., Lerin, L. A., Cansian, R. L., Frandoloso, F. 

S., Prá, V. D., Mazutti, M. A., Costa, J. A. V., and Treichel, H. (2014). Essential 

oil of Ocotea odorifera: An alternative against Sitophilus zeamais. Renewable 

Agriculture and Food Systems, 29(02), 161-166.  

Muasher, M., and Sain, M. (2006). The efficacy of photostabilizers on the color change 

of wood filled plastic composites. Polymer Degradation and Stability, 91(5), 

1156-1165. doi:https://doi.org/10.1016/j.polymdegradstab.2005.06.024 

Muhamad, I. I., Salehudin, M. H., and Salleh, E. (2015). Cellulose Nanofiber for Eco-

friendly Polymer Nanocomposites. In V. K. Thakur & M. K. Thakur (Eds.), Eco-

friendly Polymer Nanocomposites (Vol. 75, pp. 323-365): Springer India. 

 



194 

Muiruri, J. K., Liu, S., Teo, W. S., Kong, J., and He, C. (2017). Highly Biodegradable 

and Tough Polylactic Acid–Cellulose Nanocrystal Composite. ACS Sustainable 

Chemistry & Engineering, 5(5), 3929-3937. 

doi:10.1021/acssuschemeng.6b03123 

Müller, K., Bugnicourt, E., Latorre, M., Jorda, M., Echegoyen Sanz, Y., Lagaron, J. 

M., Miesbauer, O., Bianchin, A., Hankin, S., Bölz, U., Pérez, G., Jesdinszki, M., 

Lindner, M., Scheuerer, Z., Castelló, S., and Schmid, M. (2017). Review on the 

Processing and Properties of Polymer Nanocomposites and Nanocoatings and 

Their Applications in the Packaging, Automotive and Solar Energy Fields. 

Nanomaterials, 7(4), 74. doi:10.3390/nano7040074 

Mulye, N. V., and Turco, S. J. (1995). A Simple Model Based on First Order Kinetics 

to Explain Release of Highly Water Soluble Drugs from Porous Dicalcium 

Phosphate Dihydrate Matrices. Drug Development and Industrial Pharmacy, 

21(8), 943-953. doi:10.3109/03639049509026658 

Muramoto, N., Okamoto, Y., Kamaya, K., Kawaji, K., and Shiraki, M. (1976). Process 

for producing granular composition for use in agriculture and horticulture: 

Google Patents. 

Murariu, M., Dechief, A. L., Bonnaud, L., Paint, Y., Gallos, A., Fontaine, G., 

Bourbigot, S., and Dubois, P. (2010). The production and properties of 

polylactide composites filled with expanded graphite. Polymer Degradation and 

Stability, 95(5), 889-900. 

doi:https://doi.org/10.1016/j.polymdegradstab.2009.12.019 

Myers, R. H., Montgomery, D. C., and Anderson-Cook, C. M. (2009). Response 

Surface Methodology: Process and Product Optimization Using Designed 

Experiments (R. H. Myers Ed.). Hoboken, New Jersey: Wiley. 

Nagoor Meeran, M. F., Javed, H., Al Taee, H., Azimullah, S., and Ojha, S. K. (2017). 

Pharmacological Properties and Molecular Mechanisms of Thymol: Prospects 

for Its Therapeutic Potential and Pharmaceutical Development. Frontiers in 

Pharmacology, 8(380), 380. doi:10.3389/fphar.2017.00380 

Nakayama, N., and Hayashi, T. (2007). Preparation and characterization of poly(l-

lactic acid)/TiO2 nanoparticle nanocomposite films with high transparency and 

efficient photodegradability. Polymer Degradation and Stability, 92(7), 1255-

1264. doi:http://dx.doi.org/10.1016/j.polymdegradstab.2007.03.026 



195 

Nishino, T., Matsuda, I., and Hirao, K. (2004). All-Cellulose Composite. 

Macromolecules, 37(29), 7683–7687.  

Nofar, M. R., Sacligil Nofar, D., Carreau, P., Kamal, M., and Heuzey, M.-C. (2018). 

Poly (lactic acid) blends: Processing, properties and applications. International 

Journal of Biological Macromolecules, 125. 

doi:10.1016/j.ijbiomac.2018.12.002 

Norazlina, H., and Kamal, Y. (2015). Graphene modifications in polylactic acid 

nanocomposites: a review. Polymer Bulletin, 72(4), 931-961. 

doi:10.1007/s00289-015-1308-5 

Novoselov, K., Geim, A., Morozov, S., Jiang, D., Zhang, Y., Dubonos, S., Grigorieva, 

I., and Firsov, A. (2004). Electric Field Effect in Atomically Thin Carbon Films. 

Nat. Mater., 6.  

Oksman, K., Skrifvars, M., and Selin, J. F. (2003). Natural fibres as reinforcement in 

polylactic acid (PLA) composites. Composites Science and Technology, 63(9), 

1317-1324. doi:10.1016/S0266-3538(03)00103-9 

Otero-Pazos, P., Pereira de Abreu, D. A., Sendon, R., Rodriguez Bernaldo de Quiros, 

A., Angulo, I., Cruz, J. M., and Paseiro-Losada, P. (2016). Determination of 

Partition Coefficients of Selected Model Migrants between Polyethylene and 

Polypropylene and Nanocomposite Polypropylene. Journal of Chemistry, 2016, 

10. doi:10.1155/2016/3952631 

Othman, S. H. (2014). Bio-nanocomposite Materials for Food Packaging Applications: 

Types of Biopolymer and Nano-sized Filler. Agriculture and Agricultural 

Science Procedia, 2, 296-303. doi:https://doi.org/10.1016/j.aaspro.2014.11.042 

Ouyang, W., Huang, Y., Luo, H., and Wang, D. (2012). Poly(Lactic Acid) Blended 

with Cellulolytic Enzyme Lignin: Mechanical and Thermal Properties and 

Morphology Evaluation. Journal of Polymers and the Environment, 20(1), 1-9. 

doi:10.1007/s10924-011-0359-4 

Pandey, S. K., Upadhyay, S., and Tripathi, A. K. (2009). Insecticidal and repellent 

activities of thymol from the essential oil of Trachyspermum ammi (Linn) 

Sprague seeds against Anopheles stephensi. Parasitology Research, 105(2), 

507-512. doi:10.1007/s00436-009-1429-6 

 

 



196 

Panyam, J., Williams, D., Dash, A., Leslie-Pelecky, D., and Labhasetwar, V. (2004). 

Solid-state solubility influences encapsulation and release of hydrophobic drugs 

from PLGA/PLA nanoparticles. Journal of Pharmaceutical Sciences, 93(7), 

1804-1814. doi:10.1002/jps.20094 

Papachristos, D., and Stamopoulos, D. (2002). Toxicity of vapours of three essential 

oils to the immature stages of Acanthoscelides obtectus (Say)(Coleoptera: 

Bruchidae). Journal of Stored Products Research, 38(4), 365-373.  

Papageorgiou, D. G., Kinloch, I. A., and Young, R. J. (2015). Graphene/elastomer 

nanocomposites. Carbon, 95, 460-484. 

doi:https://doi.org/10.1016/j.carbon.2015.08.055 

Papageorgiou, D. G., Kinloch, I. A., and Young, R. J. (2017). Mechanical properties 

of graphene and graphene-based nanocomposites. Progress in Materials 

Science, 90, 75-127. doi:https://doi.org/10.1016/j.pmatsci.2017.07.004 

Park, Y. T., Qian, Y., Chan, C., Suh, T., Nejhad, M. G., Macosko, C. W., and Stein, 

A. (2015). Epoxy Toughening with Low Graphene Loading. Advanced 

Functional Materials, 25(4), 575-585. doi:10.1002/adfm.201402553 

Pereda, M., Amica, G., Rácz, I., and Marcovich, N. E. (2011). Structure and properties 

of nanocomposite films based on sodium caseinate and nanocellulose fibers. 

Journal of Food Engineering, 103(1), 76-83. 

doi:10.1016/j.jfoodeng.2010.10.001 

Phaechamuda, T., Yodkhuma, K., and Ritthidej, G. (2008). Drug release, water 

sorption and erosion behavior of three-layered matrix tablets consisting of 

chitosan and xanthan gum. Asian Journal of Pharmaceutical Sciences, 3(6), 260-

268.  

Pimentel, D. (1995). Amounts of pesticides reaching target pests: Environmental 

impacts and ethics. Journal of Agricultural and Environmental Ethics, 8(1), 17-

29. doi:10.1007/bf02286399 

Pinto, A. M., Cabral, J., Tanaka, D. A. P., Mendes, A. M., and Magalhães, F. D. (2013). 

Effect of incorporation of graphene oxide and graphene nanoplatelets on 

mechanical and gas permeability properties of poly(lactic acid) films. Polymer 

International, 62(1), 33-40. doi:10.1002/pi.4290 

 

 



197 

Plackett, D. V., Holm, V. K., Johansen, P., Ndoni, S., Nielsen, P. V., Sipilainen-Malm, 

T., Södergård, A., and Verstichel, S. (2006). Characterization ofl-polylactide 

andl-polylactide–polycaprolactone co-polymer films for use in cheese-

packaging applications. Packaging Technology and Science, 19(1), 1-24. 

doi:10.1002/pts.704 

Poirier, D. R., and Geiger, G. H. (2016). Fick’s Law and Diffusivity of Materials 

Transport Phenomena in Materials Processing (pp. 419-461). Cham: Springer 

International Publishing. 

Potts, J. R., Dreyer, D. R., Bielawski, C. W., and Ruoff, R. S. (2011). Graphene-based 

polymer nanocomposites. Polymer, 52(1), 5-25. 

doi:https://doi.org/10.1016/j.polymer.2010.11.042 

Qian, K., Shi, T., Tang, T., Zhang, S., Liu, X., and Cao, Y. (2011). Preparation and 

characterization of nano-sized calcium carbonate as controlled release pesticide 

carrier for validamycin against Rhizoctonia solani. Microchimica Acta, 173(1-

2), 51-57.  

Qin, Y. Y., Li, W. H., Liu, D., Yuan, M. L., and Li, L. (2017). Development of active 

packaging film made from poly (lactic acid) incorporated essential oil. Progress 

in Organic Coatings, 103, 76-82. doi:10.1016/j.porgcoat.2016.10.017 

Qu, W., Bao, H., Zhang, L., and Chen, G. (2012). Far-Infrared-Assisted Preparation 

of a Graphene–Nickel Nanoparticle Hybrid for the Enrichment of Proteins and 

Peptides. Chemistry – A European Journal, 18(49), 15746-15752. 

doi:10.1002/chem.201202913 

Ramos, M., Beltran, A., Fortunati, E., Peltzer, M. A., Cristofaro, F., Visai, L., Valente, 

A. J. M., Jimenez, A., Kenny, J. M., and Garrigos, M. C. (2020). Controlled 

Release of Thymol from Poly(Lactic Acid)-Based Silver Nanocomposite Films 

with Antibacterial and Antioxidant Activity. Antioxidants (Basel), 9(5). 

doi:10.3390/antiox9050395 

Ramos, M., Beltrán Sanahuja, A., Valdés, A., Peltzer, M. A., Jiménez, A., Garrigós, 

M. d. C., and Zaikov, G. (2013). Carvacrol and thymol for fresh food packaging. 

Bioequivalence & Bioavailability, 5(4). doi:10.4172/jbb.1000151 

Ramos, M., Jiménez, A., Peltzer, M., and Garrigós, M. C. (2012). Characterization and 

antimicrobial activity studies of polypropylene films with carvacrol and thymol 

for active packaging. Journal of Food Engineering, 109(3), 513-519. 

doi:https://doi.org/10.1016/j.jfoodeng.2011.10.031 



198 

Ramos, M., Jiménez, A., Peltzer, M., and Garrigós, M. C. (2014). Development of 

novel nano-biocomposite antioxidant films based on poly (lactic acid) and 

thymol for active packaging. Food Chemistry, 162, 149-155. 

doi:https://doi.org/10.1016/j.foodchem.2014.04.026 

Rathore, H. S. (2016). Methods of and Problems in Analyzing Pesticide Residues in 

the Environment. Past Present and Future. In L. M. L. Nollet & H. S. Rathore 

(Eds.), Handbook of Pesticides: Methods of Pesticide Residues Analysis (pp. 7-

46): CRC Press. 

Ren, J. (2011). Biodegradable Poly(Lactic Acid): Synthesis, Modification, Processing 

and Applications (J. Ren Ed. 1 ed.). Berlin, Heidelberg: Springer. 

Ren, J., Fu, H., Ren, T., and Yuan, W. (2009). Preparation, characterization and 

properties of binary and ternary blends with thermoplastic starch, poly(lactic 

acid) and poly(butylene adipate-co-terephthalate). Carbohydrate Polymers, 

77(3), 576-582. doi:10.1016/j.carbpol.2009.01.024 

Rizvi, S. A. A., and Saleh, A. M. (2018). Applications of nanoparticle systems in drug 

delivery technology. Saudi Pharmaceutical Journal, 26(1), 64-70. 

doi:https://doi.org/10.1016/j.jsps.2017.10.012 

Rojas, A., Cerro, D., Torres, A., Galotto, M. J., Guarda, A., and Romero, J. (2015). 

Supercritical impregnation and kinetic release of 2-nonanone in LLDPE films 

used for active food packaging. The Journal of Supercritical Fluids, 104, 76-84. 

doi:https://doi.org/10.1016/j.supflu.2015.04.031 

Romhány, G., Karger-Kocsis, J., and Czigány, T. (2003). Tensile Fracture and Failure 

Behavior of Thermoplastic Starch with Unidirectional and Cross-Ply Flax Fiber 

Reinforcements. Macromolecular Materials and Engineering, 288(9), 699-707. 

doi:10.1002/mame.200300040 

Roy, A., Singh, S., Bajpai, J., and Bajpai, A. (2014). Controlled pesticide release from 

biodegradable polymers. Central European Journal of Chemistry, 12(4), 453-

469. doi:10.2478/s11532-013-0405-2 

Ruoff, R. (2008). Graphene: calling all chemists. Nat Nanotechnol, 3(1), 10-11. 

doi:10.1038/nnano.2007.432 

Sakurada, I., Nukushina, Y., and Ito, T. (1962). Experimental determination of the 

elastic modulus of crystalline regions in oriented polymers. Journal of Polymer 

Science, 57(165), 651-660. doi:10.1002/pol.1962.1205716551 



199 

Salehudin, M. H. (2014). Chitosan starch based packaging film enhanced with empty 

fruit bunch cellulose nanofiber. (Masters), Universiti Teknologi Malaysia, Johor 

Malaysia.   (53656) 

Salehudin, M. H., Salleh, E., Muhamad, I. I., and Mamat, S. N. H. (2014). Starch-

based biofilm reinforced with empty fruit bunch cellulose nanofibre. Materials 

Research Innovations, 18(S6), S6-322-S326-325. 

doi:doi:10.1179/1432891714Z.000000000977 

Salmieri, S., Islam, F., Khan, R. A., Hossain, F. M., Ibrahim, H. M. M., Miao, C., 

Hamad, W. Y., and Lacroix, M. (2014). Antimicrobial nanocomposite films 

made of poly(lactic acid)-cellulose nanocrystals (PLA-CNC) in food 

applications: part A—effect of nisin release on the inactivation of Listeria 

monocytogenes in ham. Cellulose, 21(3), 1837-1850. doi:10.1007/s10570-014-

0230-6 

Sanchez-Garcia, M., and Lagaron, J. (2010). On the use of plant cellulose 

nanowhiskers to enhance the barrier properties of polylactic acid. Cellulose, 

17(5), 987-1004. doi:10.1007/s10570-010-9430-x 

Sanchez-Garcia, M. D., Lopez-Rubio, A., and Lagaron, J. M. (2010). Natural micro 

and nanobiocomposites with enhanced barrier properties and novel 

functionalities for food biopackaging applications. Trends in Food Science & 

Technology, 21(11), 528-536. doi:10.1016/j.tifs.2010.07.008 

Sánchez-González, L., Vargas, M., González-Martínez, C., Chiralt, A., and Cháfer, M. 

(2011). Use of Essential Oils in Bioactive Edible Coatings: A Review. Food 

Engineering Reviews, 3(1), 1-16. doi:10.1007/s12393-010-9031-3 

Sangeetha, V. H., Deka, H., Varghese, T. O., and Nayak, S. K. (2018). State of the art 

and future prospectives of poly(lactic acid) based blends and composites. 

Polymer Composites, 39(1), 81-101. doi:doi:10.1002/pc.23906 

Sansdrap, P., and Moës, A. J. (1997). In vitro evaluation of the hydrolytic degradation 

of dispersed and aggregated poly(dl-lactide-co-glycolide) microspheres. Journal 

of Controlled Release, 43(1), 47-58. doi:https://doi.org/10.1016/S0168-

3659(96)01469-1 

Saroukolai, A. T., Moharramipour, S., and Meshkatalsadat, M. H. (2010). Insecticidal 

properties of Thymus persicus essential oil against Tribolium castaneum and 

Sitophilus oryzae. Journal of Pest Science, 83(1), 3-8. doi:10.1007/s10340-009-

0261-1 



200 

Savadekar, N. R., and Mhaske, S. T. (2012). Synthesis of nano cellulose fibers and 

effect on thermoplastics starch based films. Carbohydr Polym, 89(1), 146-151. 

doi:10.1016/j.carbpol.2012.02.063 

Schmutterer, H. (1990). Properties and potential of natural pesticides from the neem 

tree, Azadirachta indica. Annual Review of Entomology, 35(1), 271-297. 

doi:10.1146/annurev.en.35.010190.001415 

Sekhon, B. S. (2014). Nanotechnology in agri-food production: an overview. 

Nanotechnol Sci Appl, 7, 31-53. doi:10.2147/NSA.S39406 

Shaaya, E., Kostjukovski, M., Eilberg, J., and Sukprakarn, C. (1997). Plant oils as 

fumigants and contact insecticides for the control of stored-product insects. 

Journal of Stored Products Research, 33(1), 7-15. doi:Doi 10.1016/S0022-

474x(96)00032-X 

Shaaya, E., Ravid, U., Paster, N., Juven, B., Zisman, U., and Pissarev, V. (1991). 

Fumigant toxicity of essential oils against four major stored-product insects. J 

Chem Ecol, 17(3), 499-504. doi:10.1007/BF00982120 

Shahriary, L., and Athawale, A. A. (2014). Graphene oxide synthesized by using 

modified hummers approach. International Journal of Renewable Energy and 

Environtal Engineering, 2(01), 58-63.  

Shao, Y., Wang, J., Wu, H., Liu, J., Aksay, I. A., and Lin, Y. (2010). Graphene Based 

Electrochemical Sensors and Biosensors: A Review. Electroanalysis, 22(10), 

1027-1036. doi:doi:10.1002/elan.200900571 

Shogren, R. (1997). Water vapor permeability of biodegradable polymers. Journal of 

environmental polymer degradation, 5(2), 91-95. doi:10.1007/bf02763592 

Siegel, R. W., Chang, S. K., Ash, B. J., Stone, J., Ajayan, P. M., Doremus, R. W., and 

Schadler, L. S. (2001). Mechanical behavior of polymer and ceramic matrix 

nanocomposites. Scripta Materialia, 44(8), 2061-2064. 

doi:https://doi.org/10.1016/S1359-6462(01)00892-2 

Siepmann, J., and Peppas, N. A. (2011). Higuchi equation: Derivation, applications, 

use and misuse. International Journal of Pharmaceutics, 418(1), 6-12. 

doi:https://doi.org/10.1016/j.ijpharm.2011.03.051 

Sifakis, S., Tsatsakis, A., Mparmpas, M., and Soldin, O. P. (2011). Pesticide exposure 

and health related issues in male and female reproductive system (Vol. 1). 32 

London Bridge Street London, SE1 9SG, United kingdom: Publisher 

IntechOpen Limited. 



201 

Silverajah, V. S., Ibrahim, N. A., Zainuddin, N., Yunus, W. M., and Hassan, H. A. 

(2012). Mechanical, thermal and morphological properties of poly(lactic 

acid)/epoxidized palm olein blend. Molecules, 17(10), 11729-11747. 

doi:10.3390/molecules171011729 

Song, Z., Xiao, H., and Zhao, Y. (2014). Hydrophobic-modified nano-cellulose 

fiber/PLA biodegradable composites for lowering water vapor transmission rate 

(WVTR) of paper. Carbohydrate Polymers, 111, 442-448. 

doi:https://doi.org/10.1016/j.carbpol.2014.04.049 

Soykeabkaew, N., Laosat, N., Ngaokla, A., Yodsuwan, N., and Tunkasiri, T. (2012). 

Reinforcing potential of micro- and nano-sized fibers in the starch-based 

biocomposites. Composites Science and Technology, 72(7), 845-852. 

doi:10.1016/j.compscitech.2012.02.015 

Sozer, N., and Kokini, J. L. (2009). Nanotechnology and its applications in the food 

sector. Trends in Biotechnology, 27(2), 82-89. 

doi:10.1016/j.tibtech.2008.10.010 

Sporleder, M., and Lacey, L. A. (2013). Chapter 16 - Biopesticides. In A. Alyokhin, 

C. Vincent, & P. Giordanengo (Eds.), Insect Pests of Potato (pp. 463-497). San 

Diego: Academic Press. 

Sreekala, M. S., Kumaran, M. G., and Thomas, S. (1997). Oil palm fibers: 

Morphology, chemical composition, surface modification, and mechanical 

properties. Journal of Applied Polymer Science, 66(5), 821-835. 

doi:10.1002/(SICI)1097-4628(19971031) 

Srivastava, S., Goyal, P., and M., S. M. (2016). Methods of and Problems in Analyzing 

Pesticide Residues in the Environment; Past Present and Future. In L. M. L. 

Nollet & H. S. Rathore (1 Eds.), Handbook of Pesticides: Methods of Pesticide 

Residues Analysis (pp. 47-65). Boca Raton,: CRC Press. 

Stockwell, V. O., Moore, L. W., and Loper, J. E. (1993). Fate of Agrobacterium 

radiobacter K84 in the environment. Applied and Environmental Microbiology, 

59(7), 2112-2120. doi:10.1128/AEM.59.7.2112-2120.1993 

Sugihara, R. T., Tobin, M. E., and Koehler, A. E. (1995). Zinc Phosphide Baits and 

Prebaiting for Controlling Rats in Hawaiian Sugarcane. The Journal of Wildlife 

Management, 59(4), 882-889. doi:10.2307/3801970 

 



202 

Suradi, S. S., Yunus, R. M., Beg, M. D. H., and Yusof:, Z. A. M. (2009). Influence 

pre-treatment on the properties of lignocellulose based biocomposite. Paper 

presented at the National Conf. Postgraduate Research (NCON-PGR) 2009, 

Universiti Malaysia Pahang (UMP)Malaysia.  

Swain, M. R., and Ray, R. C. (2009). Biocontrol and other beneficial activities of 

Bacillus subtilis isolated from cowdung microflora. Microbiological Research, 

164(2), 121-130. doi:http://dx.doi.org/10.1016/j.micres.2006.10.009 

Tabari, M. A., Youssefi, M. R., Maggi, F., and Benelli, G. (2017). Toxic and repellent 

activity of selected monoterpenoids (thymol, carvacrol and linalool) against the 

castor bean tick, Ixodes ricinus (Acari: Ixodidae). Veterinary Parasitology, 245, 

86-91. doi:https://doi.org/10.1016/j.vetpar.2017.08.012 

Takemura, K., Takai, S., and Katogi, H. (2012). Effects Of Microfibrillated Cellulose 

Addition And Water Absorption On Mechanical Properties Of Jute/PLA 

Composites. High Performance Structures and Materials VI, 124, 8. Retrieved 

from  doi:10.2495/HPSM120341 

Tan, B., and Thomas, N. L. (2016). A review of the water barrier properties of 

polymer/clay and polymer/graphene nanocomposites. Journal of Membrane 

Science, 514, 595-612. doi:https://doi.org/10.1016/j.memsci.2016.05.026 

Tao, C.-a., Wang, J., Qin, S., Lv, Y., Long, Y., Zhu, H., and Jiang, Z. (2012). 

Fabrication of pH-sensitive graphene oxide–drug supramolecular hydrogels as 

controlled release systems. Journal of Materials Chemistry, 22(47), 24856. 

doi:10.1039/c2jm34461k 

Tawakkal, I. S. M. A., Cran, M. J., and Bigger, S. W. (2016a). Interaction and 

quantification of thymol in active PLA-based materials containing natural fibers. 

Journal of Applied Polymer Science, 133(2). doi:doi:10.1002/app.42160 

Tawakkal, I. S. M. A., Cran, M. J., and Bigger, S. W. (2016b). Release of thymol from 

poly(lactic acid)-based antimicrobial films containing kenaf fibres as natural 

filler. LWT - Food Science and Technology, 66, 629-637. 

doi:https://doi.org/10.1016/j.lwt.2015.11.011 

Tawakkal, I. S. M. A., Cran, M. J., and Bigger, S. W. (2017). Effect of Poly(Lactic 

Acid)/Kenaf Composites Incorporated with Thymol on the Antimicrobial 

Activity of Processed Meat. Journal of Food Processing and Preservation, 

41(5), e13145. doi:doi:10.1111/jfpp.13145 



203 

Toda, K., Furue, R., and Hayami, S. (2015). Recent progress in applications of 

graphene oxide for gas sensing: A review. Analytica Chimica Acta, 878, 43-53. 

doi:https://doi.org/10.1016/j.aca.2015.02.002 

Torres, A., Ilabaca, E., Rojas, A., Rodríguez, F., Galotto, M. J., Guarda, A., Villegas, 

C., and Romero, J. (2017). Effect of processing conditions on the physical, 

chemical and transport properties of polylactic acid films containing thymol 

incorporated by supercritical impregnation. European Polymer Journal, 89, 195-

210. doi:https://doi.org/10.1016/j.eurpolymj.2017.01.019 

Tramón, C. (2014). Modeling the controlled release of essential oils from a polymer 

matrix—A special case. Industrial Crops and Products, 61, 23-30. 

doi:https://doi.org/10.1016/j.indcrop.2014.06.023 

Tripathi, A. K., Prajapati, V., and Kumar, S. (2003). Bioactivities of l-Carvone, d-

Carvone, and Dihydrocarvone Toward Three Stored Product Beetles. Journal of 

Economic Entomology, 96(5), 1594-1601. doi:10.1093/jee/96.5.1594 

Tsuji, K. (2001). Microencapsulation of pesticides and their improved handling safety. 

Journal of Microencapsulation, 18(2), 137-147.  

Tu, M., Hurd, C., and Randall, J. M. (2001). Adjuvants. Weed control methods 

handbook, the nature conservancy, 1-24.  

Uhrich, K. E., Cannizzaro, S. M., Langer, R. S., and Shakesheff, K. M. (1999). 

Polymeric Systems for Controlled Drug Release. Chemical Reviews, 99(11), 

3181-3198. doi:10.1021/cr940351u 

van Lexmond, M. B., Bonmatin, J. M., Goulson, D., and Noome, D. A. (2015). 

Worldwide Integrated Assessment on systemic pesticides: global collapse of the 

entomofauna: exploring the role of systemic insecticides. Environmental Science 

and Pollution Research International, 22(1), 1-4. doi:10.1007/s11356-014-

3220-1 

Venkateshwaran, N., ElayaPerumal, A., Alavudeen, A., and Thiruchitrambalam, M. 

(2011). Mechanical and water absorption behaviour of banana/sisal reinforced 

hybrid composites. Materials & Design, 32(7), 4017-4021. 

doi:10.1016/j.matdes.2011.03.002 

Vermeiren, L., Devlieghere, F., van Beest, M., de Kruijf, N., and Debevere, J. (1999). 

Developments in the active packaging of foods. Trends in Food Science & 

Technology, 10(3), 77-86. doi:https://doi.org/10.1016/S0924-2244(99)00032-1 



204 

Villalobos, R., Hernandez-Munoz, P., and Chiralt, A. (2006). Effect of surfactants on 

water sorption and barrier properties of hydroxypropyl methylcellulose films. 

Food Hydrocolloids, 20(4), 502-509. doi:10.1016/j.foodhyd.2005.04.006 

Villalobos, R., Hernández-Muñoz, P., and Chiralt, A. (2006). Effect of surfactants on 

water sorption and barrier properties of hydroxypropyl methylcellulose films. 

Food Hydrocolloids, 20(4), 502-509. 

doi:https://doi.org/10.1016/j.foodhyd.2005.04.006 

Villegas, C., Arrieta, M. P., Rojas, A., Torres, A., Faba, S., Toledo, M. J., Gutierrez, 

M. A., Zavalla, E., Romero, J., Galotto, M. J., and Valenzuela, X. (2019). 

PLA/organoclay bionanocomposites impregnated with thymol and 

cinnamaldehyde by supercritical impregnation for active and sustainable food 

packaging. Composites Part B: Engineering, 176, 107336. 

doi:https://doi.org/10.1016/j.compositesb.2019.107336 

Vishakha, K., Kishor, B., and Sudha, R. (2012). Natural Polymers – A Comprehensive 

Review. International Journal of Research in Pharmaceutical and Biomedical 

Sciences, 3 (4), 1597-1613.  

Waliwitiya, R., Belton, P., Nicholson, R. A., and Lowenberger, C. A. (2010). Effects 

of the essential oil constituent thymol and other neuroactive chemicals on flight 

motor activity and wing beat frequency in the blowfly Phaenicia sericata. Pest 

Management Science, 66(3), 277-289. doi:doi:10.1002/ps.1871 

Wang, B., and Sain, M. (2007). Isolation of nanofibers from soybean source and their 

reinforcing capability on synthetic polymers. Composites Science and 

Technology, 67(11), 2521-2527. 

doi:https://doi.org/10.1016/j.compscitech.2006.12.015 

Wanyika, H., Gatebe, E., Kioni, P., Tang, Z., and Gao, Y. (2012). Mesoporous silica 

nanoparticles carrier for urea: potential applications in agrochemical delivery 

systems. Journal of Nanoscience and Nanotechnology, 12(3), 2221-2228.  

Whipps, J. M., and Gerlagh, M. (1992). Biology of Coniothyrium minitans and its 

potential for use in disease biocontrol. Mycological Research, 96(11), 897-907. 

doi:http://dx.doi.org/10.1016/S0953-7562(09)80588-1 

Wong, K. K. Y., Signal, F. A., Campion, S. H., and Motion, R. L. (2005). Citronella 

as an Insect Repellent in Food Packaging. Journal of Agricultural and Food 

Chemistry, 53(11), 4633-4636. doi:10.1021/jf050096m 



205 

Wright, N. (1993). Rice weevil (Sitophilus oryzae) (Vol. 185 kb, pp. Collection 

information: Honduras: Francisco Morazon; 15-Oct-93). FDACS-DPI, 

Gainesville, Florida, United States: Cook's Pest Control. 

Wu, Y., Qin, Y., Yuan, M., Li, L., Chen, H., Cao, J., and Yang, J. (2014). 

Characterization of an antimicrobial poly(lactic acid) film prepared with poly(ε-

caprolactone) and thymol for active packaging. Polymers for Advanced 

Technologies, 25(9), 948-954. doi:doi:10.1002/pat.3332 

Xu, G., Shi, T., Li, M., Yu, F., and Chen, Y. (2015). Difference between the effects of 

modification graphene oxide with two biomass molecules: Chitosan and 

cardanol. Research on Chemical Intermediates, 41(11), 8499-8513. 

doi:10.1007/s11164-014-1906-0 

Xu, J. Z., Chen, T., Yang, C. L., Li, Z. M., Mao, Y. M., Zeng, B. Q., and Hsiao, B. S. 

(2010). Isothermal Crystallization of Poly(L-lactide) Induced by Graphene 

Nanosheets and Carbon Nanotubes: A Comparative Study. Macromolecules, 

43(11), 5000-5008. doi:10.1021/ma100304n 

Xu, X., Liu, F., Jiang, L., Zhu, J. Y., Haagenson, D., and Wiesenborn, D. P. (2013). 

Cellulose Nanocrystals vs. Cellulose Nanofibrils: A Comparative Study on Their 

Microstructures and Effects as Polymer Reinforcing Agents. ACS Appl Mater 

Interfaces, 5(8), 2999-3009. doi:10.1021/am302624t 

Yan, S., Yin, J., Yang, J., and Chen, X. (2007). Structural characteristics and thermal 

properties of plasticized poly(l-lactide)-silica nanocomposites synthesized by 

sol–gel method. Materials Letters, 61(13), 2683-2686. 

doi:http://dx.doi.org/10.1016/j.matlet.2006.10.023 

Yang, H. J., and Song, K. B. (2016). Application of Lemongrass Oil-Containing 

Polylactic Acid Films to the Packaging of Pork Sausages. Korean J Food Sci 

Anim Resour, 36(3), 421-426. doi:10.5851/kosfa.2016.36.3.421 

Yang, W.-W., and Pierstorff, E. (2012). Reservoir-Based Polymer Drug Delivery 

Systems. Journal of Laboratory Automation, 17(1), 50-58. 

doi:10.1177/2211068211428189 

Yang, Y.-H., Bolling, L., Priolo, M. A., and Grunlan, J. C. (2013). Super Gas Barrier 

and Selectivity of Graphene Oxide-Polymer Multilayer Thin Films. Advanced 

Materials, 25(4), 503-508. doi:doi:10.1002/adma.201202951 



206 

Yang, Y., Asiri, A. M., Tang, Z., Du, D., and Lin, Y. (2013). Graphene based materials 

for biomedical applications. Materials Today, 16(10), 365-373. 

doi:10.1016/j.mattod.2013.09.004 

Yew, G. H., Mohd Yusof, A. M., Mohd Ishak, Z. A., and Ishiaku, U. S. (2005). Water 

absorption and enzymatic degradation of poly(lactic acid)/rice starch 

composites. Polymer Degradation and Stability, 90(3), 488-500. 

doi:https://doi.org/10.1016/j.polymdegradstab.2005.04.006 

Yin, P. T., Shah, S., Chhowalla, M., and Lee, K.-B. (2015). Design, Synthesis, and 

Characterization of Graphene–Nanoparticle Hybrid Materials for 

Bioapplications. Chemical Reviews, 115(7), 2483-2531. doi:10.1021/cr500537t 

Yoshida, T., Watanabe, N., and Sonda, M. (1989). Pictorial guide to insect pests of 

stored food products. Zenkoku Noson Kyoiku Publishing Co., Ltd.  

Yuruktumen Ünal, A., Hocaoglu, N., Ersel, M., Ozsarac, M., and Kiyan, S. (2011). 

Acute Hepatitis Associated with Thymus Vulgaris Oil Ingestion; Case Report. 

Turkish Journal of Emergency Medicine, 11, 68-71. 

doi:10.5505/tatd.2011.79664 

Zaaba, N. I., Foo, K. L., Hashim, U., Tan, S. J., Liu, W.-W., and Voon, C. H. (2017). 

Synthesis of Graphene Oxide using Modified Hummers Method: Solvent 

Influence. Procedia Engineering, 184, 469-477. 

doi:https://doi.org/10.1016/j.proeng.2017.04.118 

Zhang, C., Salick, M. R., Cordie, T. M., Ellingham, T., Dan, Y., and Turng, L.-S. 

(2015). Incorporation of poly(ethylene glycol) grafted cellulose nanocrystals in 

poly(lactic acid) electrospun nanocomposite fibers as potential scaffolds for 

bone tissue engineering. Materials Science and Engineering: C, 49, 463-471. 

doi:http://dx.doi.org/10.1016/j.msec.2015.01.024 

Zhang, X., Coleman, A. C., Katsonis, N., Browne, W. R., van Wees, B. J., and Feringa, 

B. L. (2010). Dispersion of graphene in ethanol using a simple solvent exchange 

method. Chemical Communications (Cambridge, England), 46(40), 7539-7541. 

doi:10.1039/c0cc02688c 

Zhao, G., Song, S., Wang, C., Wu, Q., and Wang, Z. (2011). Determination of triazine 

herbicides in environmental water samples by high-performance liquid 

chromatography using graphene-coated magnetic nanoparticles as adsorbent. 

Analytica Chimica Acta, 708(1), 155-159. 

doi:https://doi.org/10.1016/j.aca.2011.10.006 



207 

Zhao, L., Liu, X., Zhang, R., He, H., Jin, T., and Zhang, J. (2014). Unique Morphology 

in Polylactide/Graphene Oxide Nanocomposites. Journal of Macromolecular 

Science, Part B, 54(1), 45-57. doi:10.1080/00222348.2014.984574 

Zhong, L., and Yun, K. (2015). Graphene oxide-modified ZnO particles: synthesis, 

characterization, and antibacterial properties. International Journal of 

Nanomedicine, 10(Spec Iss), 79-92. doi:10.2147/IJN.S88319 

Zhu, Y., Murali, S., Cai, W., Li, X., Suk, J. W., Potts, J. R., and Ruoff, R. S. (2010). 

Graphene and graphene oxide: synthesis, properties, and applications. Adv 

Mater, 22(35), 3906-3924. doi:10.1002/adma.201001068 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



241 

Appendix O 

List of Publications and Awards 

 

Publications 

 

1. Salehudin, M. H., & Muhamad, I. I. (2018). Effect of Graphene Oxide and 

Cellulose Nanofiber Towards Mechanical Properties of Polylactic Acid Based 

Active Packaging Using Response Surface Methodology. Malaysian Journal 

of Analytical Sciences, 22(6), 984-998. doi:https://doi.org/10.17576/mjas-

2018-2206-08 (Q4, IF:0.18) 

 

2. Muhamad, I. I., Salehudin, M. H., & Salleh, E. (2015). Cellulose Nanofiber 

for Eco-friendly Polymer Nanocomposites. In V. K. Thakur & M. K. Thakur 

(Eds.), Eco-friendly Polymer Nanocomposites: Processing and Properties (pp. 

323-365). New Delhi: Springer India. (Indexed by Scopus) 

 

3. Muhamad, I. I., Salleh, E., Khairudin, N., Salehudin, M. H., & Karim, N. A. 

(2015). Active and Smart Packaging Film for Food and Postharvest Treatment. 

In M. W. Siddiqui (Ed.), Postharvest Biology and Technology of Horticultural 

Crops (pp. 217-242): Apple Academic Press. (Indexed by Scopus) 

 

4. Muhamad, I. I., Salleh, E., Shaharuddin, S., Pa’e, N., Selvakumaran, S., & 

Salehudin, M. H. (2018). Incorporation of Filler/Additives in Polymer Gel for 

Advanced Application. In V. K. Thakur & M. K. Thakur (Eds.), Polymer Gels: 

Science and Fundamentals (pp. 445-492). Singapore: Springer Singapore. 

(Indexed by Scopus) 

 

5. Muhamad, I. I., Selvakumaran, S., Salehudin, M. H., & Razak, S. I. A. (2015). 

Eco-Friendly Polymer-Based Nanocomposites for Pharmaceutical 

Applications Handbook of Polymers for Pharmaceutical Technologies (pp. 

341-371): John Wiley & Sons, Inc. (Indexed by Scopus) 

 

6. Muhamad, I. I., Zahan, K. A., Pa'e, N., Salehudin, M. H., Khairuddin, N., 

Mohd Marsin, A., . . . Salleh, E. (2019). 8 - Accelerated testing methodology 

for long-term life prediction of cellulose-based polymeric composite materials. 

In M. Jawaid, M. Thariq, & N. Saba (Eds.), Durability and Life Prediction in 

Biocomposites, Fibre-Reinforced Composites and Hybrid Composites (pp. 

149-171): Woodhead Publishing. (Indexed by Scopus) 



242 

7. Pa’e, N., Salehudin, M. H., Hassan, N. D., Marsin, A. M., & Muhamad, I. I. 

(2019). Thermal Behavior of Bacterial Cellulose-Based Hydrogels with Other 

Composites and Related Instrumental Analysis. In M. I. H. Mondal (Ed.), 

Cellulose-Based Superabsorbent Hydrogels (pp. 763-787). Cham: Springer 

International Publishing. (Indexed by Scopus) 

 

 

Conference and Proceedings 

 

1 Mohd Harfiz Bin Salehudin, Ida Idayu Muhamad; "Effect of Graphene Oxide 

and Cellulose Nanofiber Towards Mechanical Properties of Polylactic Acid 

Based Active Packaging Using Response Surface Methodology ', The 2nd  

International Conference of Separation Technologies (ICoST 2017) 15-16th 

April 2017, Johor, Malaysia. (ISBN 978-967-0194-85-1) -Oral 

Presentation/Conference Proceeding. (Indexed by Scopus) 

 

2 Mohd Harfiz Bin Salehudin, Ida Idayu Muhamad; "Mechanical and Release 

Properties of Polylactic Acid Based Packaging Incorporated With Graphene 

and Cellulose Nanofiber', International Symposium of Food Security and 

Sustainable Development 2017 (ISSF2017), Industrial University of Ho Chi 

Minh City, Vietnam 22-24 November 2017. (ISBN-978-604-920-065-6) -Oral 

presentation/Conference proceeding (Non-Indexed conference proceeding) 

 

 

Awards and Recognitions 

 

1.  (REPID) Insect Repellent Packaging with Microleak Indicator. International 

Invention Innovation Competition, Toronto International Society of Innovation 

and Advanced Skills (TISIAS), Toronto Canada, 27th August 2016 (GOLD 

MEDAL) 

 

2. Meal to Heal Designed Food for Emergency Relief. Industrial Art and 

Technology Exhibition (INATEX), Dewan Sultan Iskandar (DSI) Universiti 

Teknologi Malaysia, Johor Bahru, Malaysia, 4th -6th October 2016 (GOLD 

MEDAL) 

 

3. Microbial Feed for Growth (MiFGro)- High Thermotolerance Pelleted 

Probiotic. Invention, Innovation & Design Exposition 2015 (Iidex2015). 

Dewan Agong Tuanku Canselor (DATC), Universiti Teknologi MARA, Shah 

Alam, Selangor, Malaysia,  27th-30th April 2015 (SILVER MEDAL) 

 



243 

Patents 

 

1. A CONTROLLED RELEASED FILM COMPOSITION (PT/6230/UTM/17) 

(Patent Filed) 

 

2. FoBEST - FoBERG Services and Technology. Trademark (IP/TM/2018/0153) 

(Patent Filed) 

 

 

Consultations 

1. Agensi Nuklear Malaysia - Uni-Technologies SDN BHD (UTSB) Universiti 

Teknologi Malaysia, Part 1: Outsourcing Antimicrobial and Antifungal Test  

of LDPE Based Active Packaging at Universiti teknologi Malaysia  (October 

2014-March 2015) (1st Assistant Consultant) 

 

2. Agensi Nuklear Malaysia - Uni-Technologies SDN BHD (UTSB) Universiti 

Teknologi Malaysia , Part 2:  Specific Migration and Toxicity Study of LDPE 

Based active packaging Responsibilities  (May 2015-November 2015) (2nd 

Assistant Consultant) 

 

 

Program and Activities 

1. Inisiatif Kerjasama Universiti, Program Transformasi Luar Bandar (NBOS4) 

2016. Fasa 1 : Pengenalan teknik penanaman serai wangi secara komersial, 

pengenalan kaedah pengekstrakan, (3 February 2016) (Committee) 

 

2. Inisiatif Kerjasama Universiti, Program Transformasi Luar Bandar (NBOS4) 

2016. Fasa 2 : Demonstrasi  dan Amali Pengekstrakan Serai Wangi Dengan 

Alat Turbo Extractor, dan Pembangunan Produk berasaskan Serai wangi (6 

August 2016) (Committee) 

 

3. International Workshop on Sustainability of Food Resources and Supply Chain 

2016, 20th  November 2016 (Committee) 

 

4. International Food Safety and SECURITY 2015 26th  August 2015 

(Committee) 

 

5. International Conference on Probiotics and Food Sustainability 2018 

(ICPFS2019) Malaysia, 23-24 September 2018 (Committee) 




