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Abstract 

Food packaging is one of the important aspects of food processing, which contributes 

greatly to decreasing post-harvest food losses. While ensuring that foods are adequately 

packaged, it is also important to consider the impact of these food packaging materials on the 

environment. Accordingly, this research work was aimed at investigating the potential of bio-

based and biodegradable blends of polyvinyl alcohol (PVA) and chitosan loaded with 

antimicrobial agents such as turmeric, clove, and cinnamon for use in food packaging 

applications. The methodology involved creating PVA/chitosan films with varying compositions 

via solvent casting method and selecting the best composition exhibiting the highest tensile 

strength, followed by its incorporation with antimicrobial agents. The morphology of the film 

was investigated via scanning electron microscopy (SEM), which showed mostly homogeneous 

and compact texture. Interaction between film components was analyzed via Fourier transform 

infrared spectroscopy (FTIR), which indicated that the incorporation of antimicrobial agents did 

not alter the structure of the PVA/chitosan films. Thermogravimetric analysis showed that there 

was no significant effect on the thermal degradation profile of the antimicrobial films when 

compared with plain film. The mechanical properties of PVA/chitosan films were significantly 

altered by the addition of antimicrobial agents while antioxidant and antimicrobial activity of the 

films were enhanced. The shelf life of chicken breast meat and white cheese packaged within 

these films were investigated via pH and microbiological assay and the results showed effective 

inhibition against coliform and S. aureus in cheese and chicken breast meat. These results 

suggest that PVA/chitosan films have a great potential in the food packaging industry. 
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Chapter 1 

1. Introduction 

The World Summit on Food Security estimated that approximately one billion people across 

the globe are living in hunger (FAO, 2014). A possible solution to this would be to increase 

investment in food production, however this would be more effective when complemented 

with more sustainable strategies to reduce food loss altogether as this ultimately improves 

food security (UNEP/GRID-Arendal, 2010). One of the ways to reduce these food losses 

and achieve food security is by using suitable packaging. 

Food packaging is an integral aspect of the food processing chain, it is considered an avenue 

to improve economic development by decreasing rate of food spoilage, ensuring safety of 

food, and improving food trade on a global scale (Olsmats and Wallteg, 2009; FAO, 2014). 

There are opinions that increasing investments in the development of improved and 

advanced food packaging can be instrumental in the reduction of food wastage and 

ultimately improve food safety and quality especially in developing countries. These will 

eventually improve the livelihood of small-scale food producers by enhancing integration 

of food products into sustainable value chains and improving market access (FAO, 2014). 

Sustainable and biodegradable food packaging systems are largely gaining recognition due 

to the environmental and probable health hazards associated with the use of 

nonbiodegradable plastics and the wastes generated (Cesur et al., 2018). In 2018, about 359 

million tonnes (MT) of plastics were produced and 385 MT were consumed within the year; 

this depicts that the number of plastics consumed surpasses the quantity produced because 

of the high value placed on the use of plastics (Rai et al., 2021). The tons of wastes generated 

from poor disposal find their way into oceans and cause hazards to aquatic animals when 

they break down to microplastics via ultraviolet radiation and ocean waves (Lebreton et al., 

2019). Upon ingestion, micro-plastics accumulate in the digestive tract of the animals and 

eventually gets into the food chain when consumed by humans, hence raising health 
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concerns (Ciriminna and Pagliaro, 2020). In addition, recycling of plastics consumes a lot 

of energy and incineration of these wastes leads to the emission of toxic chemicals such as 

dioxin (Averous and Pollet, 2012).  

These environmental and health concerns have given rise to use of alternative materials such 

as biodegradable polymers which will have the potential to eliminate problems related to 

the use of petrochemical resources (Averous and Pollet, 2012). Biodegradable polymers 

pride themselves in their excellent properties such as good sealing ability, air permeability, 

availability and they are lower in cost compared to petroleum-based plastics (Pawar & 

Purwar, 2013). They are environmentally advantageous because they can be degraded by 

microorganisms to produce beneficial compounds like carbon dioxide, biomass, water, and 

methane, all of which have soil-enriching abilities (Wojnowska-Baryła et al., 2020; 

RameshKumar et al., 2020). Biodegradable polymers can be obtained naturally or 

artificially. Some examples of natural biopolymers include proteins, polynucleotides, and 

polysaccharides while synthetic biopolymers consist of polyethers, polyvinyl esters, 

aliphatic polyesters, and polyvinyl alcohols (Zhou, 2008). 

The growing awareness of consumers towards a green environment and a healthy life has 

created an increase in demand for high quality and shelf-stable foods packaged in 

sustainable materials with unique properties like having antimicrobial activity (Uz, 2009; 

Appendini and Hotchkiss, 2002). Antimicrobial packages offer protection and enhanced 

shelf-life to packaged food by retarding and inhibiting growth of pathogenic and spoilage 

microorganisms (Wang et al., 2022). Natural extracts from herbs and spices are safer options 

to be used in food packaging to reduce the use of chemical and/or synthetic food 

preservatives which are raising health and environmental concerns (Atarés & Chiralt, 2016; 

Rather et al., 2021). These plant extracts, also known as phytochemicals, naturally serve as 

a form of defense mechanism against attacks from insects, animals, and microorganisms. 

Phytochemicals have been found to have therapeutic benefits due to their antimicrobial and 
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antioxidant properties (Rather et al., 2021). Direct addition of essential oils to preserve foods 

is expensive, coupled with the possibility of toxicity and the strong aroma they confer hence 

affecting the sensory properties of foods. A more probable solution of incorporating 

essential oils in small amounts while assuring their effectiveness will be to add them during 

the formulation process of packaging films (Sanchez-Gonzalez et al., 2011). 

The work presented in this thesis aims at investigating the effectiveness of active, 

antimicrobial, biodegradable packaging films in the preservation of food. First part of the 

research involves the preparation of varying proportions of chitosan and polyvinyl alcohol-

based polymers, followed by selecting the best sample based on its mechanical, thermal, 

and structural properties. The membranes are then modified by the addition of antimicrobial 

agents and eventually serve as food packaging materials to test their antimicrobial efficacy. 
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Chapter 2 

2. Literature Review 

This chapter discusses topics such as biodegradable polymers (biopolymers), their 

classifications, and the specific polymers used in this study will be highlighted. This chapter 

will also touch on the role of antimicrobial packaging, the different methods of obtaining 

antimicrobial food packages, the specific antimicrobial agents used in this study, and lastly 

a brief about microbial food spoilage. 

2.1 Biopolymers 

Biopolymers are large molecules made from monomers joined together by covalent bonds. 

Since inception, biodegradable polymers have been widely used in several fields such as 

medicine, construction, food, and agriculture; and this is possible because of their non-

toxicity, ability to break down into beneficial products, high bioactivity, biocompatibility, 

and appreciable mechanical properties (Tan et al., 2015). Their characteristics as 

biodegradable polymers are majorly determined by: (a) intrinsic properties of the polymer; 

(b) forming properties of the polymer during processing; and (c) properties of the product 

formed because of the intrinsic and processing properties (Sampath et al., 2016). 

2.1.1 Classification of Biodegradable Polymers 

Biopolymers are generally classified according to their sources and method of production 

(Figure 1). They may be obtained from natural sources such as agricultural products from 

plants (starch, alginate, etc.) or animals (chitosan, gelatin etc.). On the other hand, they may 

also be produced via microbial action (bacterial cellulose, polyhydroxybutyrate, etc.) and 

from synthetic routes from biomass (polylactic acid) or petrochemicals (polyvinyl alcohol) 

as shown in the figure 1 below. Major biopolymers used in food packaging are the bio-based 

polymers obtained from lipids, proteins, and polysaccharides (Jeevahan & Chandrasekaran, 

2019).  
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Figure 1: Classification of biopolymers (Baghi et al., 2022) 

The classification of packaging polymers (natural and petroleum-based) according to their 

biodegradability is shown in Figure 2. Conventional plastics such as polystyrene, polyvinyl 

chloride, and polyethylene are classified as fossil-based and non-biodegradable. Polyvinyl 

alcohol (PVA), polycaprolactone (PCL) etc. are fossil based and biodegradable while 

polymers like cellulose acetate, biopolyethylene (bio-PE) are biobased and non-

biodegradable and finally bioplastics such as polylactic acid (PLA), starch etc. are bio-based 

and biodegradable. This last group has been researched extensively and found to have 

potential in food packaging (Lindström & Österberg, 2020). 

 



 

6 

 

Figure 2: Classification of packaging polymers according to their biodegradability (Lindström & 

Österberg, 2020; Baghi et al., 2022). 

2.1.2 Benefits of Biopolymers 

Firstly, they are obtained from renewable sources; this makes them contribute positively to 

a sustainable, green environment and is one of the reasons they are gaining more importance. 

It also increases the availability of raw materials to be directed towards the manufacture of 

other petroleum-based products. Secondly, they are biocompatible and degrade into non-

toxic materials such as water and carbon dioxide which are beneficial to the environment. 

In addition, biopolymers require less energy during processing which is important in 

reducing the amount of CO2 emitted and can also lead to reduced cost of processing 

(Averous and Pollet, 2012). Also, synthetic biopolymers such as polyvinyl alcohol possess 

improved mechanical properties; for example, they have enhanced clarity, flexibility, gloss, 

tensile strength, and durability (Shankar and Rhim, 2018). 
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2.1.3 Limitations of Biopolymers 

Despite their remarkable advantages that make them attractive, biopolymers have a few 

disadvantages and concerns that limit the commercialization and industrial use of biobased 

products. Biopolymers (especially natural variants) have poor mechanical properties, they 

degrade rapidly under certain conditions, susceptibility to microbial growth and 

contamination of foods when packaged. Some biopolymers are highly hydrophilic, causing 

them to have reduced barriers against water vapor (Shankar and Rhim, 2018). 

Several researchers have studied many of these biopolymers and they have been 

successfully modified to give products with improved and desirable properties. The 

polymers of interest in this study are discussed below. 

2.2 Polyvinyl Alcohol (PVA) 

PVA can occur as a creamy to whitish granular or powdered semi-crystals which has no 

taste or odor (Aslam et al., 2018). It is a biodegradable and synthetic polymer which has 

been used in a vast majority of ways such as in cosmetics, pharmaceutical, textile, 

construction, and food industries. The Food and Drug Administration of the United States 

has classified PVA as Generally Recognized As Safe (GRAS), proving its non-toxicity and 

eco-friendly nature (Abdullah & Dong, 2019; Griffiths, 2007). This polymer is known and 

widely used for its oxygen resistance, transparency, excellent thermal and mechanical 

properties and so on (Abdullah & Dong, 2019). Conversely, PVA also has certain 

characteristics that pose as drawbacks to its use; it is somewhat expensive, poorly resistant 

to water, and undergoes a long degradation time in compost and soil (Abdullah & Dong, 

2019; Kopčilová et al., 2013). Structurally, PVA comprises mainly of carbon chains and 

several repeating units of hydroxyl groups (Figure 3) hence the reason for its poor water 

resistance (Liu et al., 2022). The presence of abundant hydroxyl groups also influences 

biodegradability and gives PVA its ability to combine easily with other polymers via 

hydrogen bonding, making it particularly useful in packaging (Gaaz et al., 2015; Abdullah 
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et al., 2017). Manipulating the molecular structure of PVA during manufacturing gives it 

the ability to be produced in different ranges to give different levels of strength and other 

properties for a wide variety of applications (Griffiths, 2007).  

Methods employed in preparing PVA solutions include thermoforming, extrusion, and 

solution casting. The most common being solution casting, even though it has been 

considered as inefficient when compared with others (Zou et al., 2008). Solution casting is 

most preferred because it is easily dissolved in water and takes relatively short time and 

temperature (30 minutes at 90℃) whereas extrusion requires much higher temperatures 

(Tang & Alavi, 2011; Gaaz et al., 2015). Partially and fully hydrolyzed PVA melts at 180–

190℃ and 230℃ respectively, meanwhile it begins to degrade at around 150℃ which 

suggests that PVA might undergo changes in its structure and other characteristics during 

the extrusion process (Singha et al., 2015). 

 

Figure 3: Chemical structure of polyvinyl alcohol (Lamminmäki et al., 2011) 

2.2.1 PVA Synthesis 

The most common route to obtain PVA is via the hydrolysis of vinyl acetate (VAc) in a 

process called free radical polymerization as illustrated in Figure 4 below. The process is 

carried out under strong alkaline conditions and in the presence of methanol during which 

an intermediate product is formed (polyvinyl acetate or PVAc). Polyvinyl alcohol (PVA) is 

finally formed by partially or totally replacing the ester group on the vinyl acetate via the 

hydroxyl groups on the methanol (Alvarado et al., 2019). 
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Figure 4: Hydrolysis of PVAc to obtain PVA (Alvarado et al., 2019). 

Characteristics of PVA (e.g., viscosity, melting point, tensile strength, solubility, refractive 

index, pH etc.) are influenced by the level of hydrolysis (total or partial), the molecular 

weight as well as the conditions of the reaction (DeMerlis & Schoneker, 2003; Tang & 

Alavi, 2011; Alvarado et al., 2019). For example, PVA polymers with lower degree of 

hydrolysis and low molecular weight will dissolve faster, be more flexible and more 

sensitive to water. On the other hand, polymers with high molecular weight and percentage 

of hydrolysis will be more viscous, exhibit higher tensile strength and water resistance as 

summarized in Figure 5. 

 

Figure 5: Effect of molecular weight and degree of hydrolysis on PVA properties (Tang & Alavi, 

2011). 
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2.2.2 PVA in Food Packaging 

PVA has been used especially in developing biodegradable packaging materials in 

combination with other polymers. A blend of PVA/carboxymethyl chitosan and citric acid 

was successfully used to obtain films with antibacterial and anti-fog properties, improved 

mechanical properties and increased soil degradation rate (Wen et al., 2021). Recently, 

water resistant PVA based packages have been developed, and they have compared 

favorably with petroleum-based plastic such as polypropylene and polyethylene. In addition 

to these, they have also showed higher barrier properties while also being biodegradable, 

non-hazardous, and non-toxic (de Oliveira et al., 2020). Wang et al. (2022) developed a film 

composed of PVA, silk protein, TEMPO-oxidized bacterial cellulose, and silver 

nanoparticles. These films had excellent water vapor barrier and mechanical properties, in 

addition to efficient UV protective properties, which increased their potential as active food 

packages. Biodegradability of PVA/starch films was investigated by Tanase et al. (2016) 

and the result confirmed an improvement in biodegradation rate by 32.45% as the amount 

of starch in the blend increased up to 20%. This research helps to prove that blending PVA 

with natural, biobased polymers could improve the biodegradability of PVA. Suganthi et al. 

(2020) successfully prepared antibacterial films by incorporating organic acids (malic, 

lactic, and taric acids) into PVA films. 

2.3 Chitosan 

Chitosan, a polysaccharide derived from shells of crustaceans, is a natural, straight chain 

and partially acetylated (1–4)-2-amino-2-deoxy-β-D-glucan. It is known for its 

biodegradable, biocompatible and antimicrobial nature and widely used in the food 

packaging industry because of its excellent barrier against unwanted aroma and gas as well 

as its good film-forming ability (Narasagoudr et al., 2020; Cui et al., 2017; Tripathi et al., 

2009). Apart from its ability to resist the growth of a wide array of food spoilage and 

pathogenic organisms such as fungi, and bacteria; chitosan is also readily soluble in a range 
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of dilute acidic solvents such as acetic, citric, lactic, malic, formic acids etc. (Tripathi et al., 

2009; Mohammadkhani et al., 2021). The ability of chitosan to solubilize in these readily 

available, cheap, and eco-friendly solvents is because of the non-bonding electron pairs 

located within the amino group of chitosan structure (Mohammadkhani et al., 2021). 

However, its high permeability to water poses as a disadvantage so it needs to be blended 

with other polymers to improve its properties (Narasagoudr et al., 2020). 

O

OH

HO O O
HO

NH2

O

NH2

OH
n  

Figure 6: Chemical structure of chitosan (Younes & Rinaudo, 2015) 

2.3.1 Synthesis of Chitosan 

Chitosan can be obtained either from the cell wall of some microorganisms or from 

exoskeletons of insects, crustaceans (such as crabs, lobsters etc.) and molluscs (such as 

squids, oysters etc.). According to Pokhrel et al. (2016), chitosan was extracted from prawn 

shells via three major chemical processes which are demineralization, deproteinization and 

decolorization. Demineralization process involves acid treatment using hydrochloric acid 

for two hours, followed by washing until a neutral pH was obtained; deproteinization 

involves treating with an alkali solution such as sodium hydroxide while heating at about 

65℃ for three hours. The solution was washed to obtain neutral solids which were then oven 

dried at 40℃. The dried chitin was then decolorized using 2% sodium hypochlorite solution 

while stirring for 30 minutes at 45℃, followed by washing until neutrality was achieved. 

Finally, chitosan was isolated from the chitin by deacetylation, Figure 7. The process was 

carried out by treating the chitin with a 50% sodium hydroxide solution at a 1:10 

weight/volume ratio and a temperature of 100℃ under nitrogen atmosphere, after which the 

obtained residue was cooled and washed until a neutral pH was obtained. 
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Figure 7: Chemical deacetylation of chitin to obtain chitosan (Dima et al., 2017). 
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2.3.2 Chitosan in Food Packaging 

Numerous studies have been carried out to evaluate the effect of chitosan-based polymers 

in the food industry, especially in attempts to create eco-friendly packaging alternatives and 

as an antimicrobial food packaging material. Foods such as mango, carrot, tomato, 

pomegranate, banana, fish etc. have been packaged with pure chitosan films and confirmed 

to be effective in improving stability during storage, prevent microbial growth, retain 

antioxidant activity, and lengthen shelf life of the foods. Addition of plasticizers such as 

glycerol have also proven to improve the flexibility, chain mobility and strength of chitosan 

polymers (Wang et al., 2018). Chitosan has also been combined with other biopolymers 

such as proteins, organic acids, polysaccharides and so on. Several researchers have studied 

chitosan and cellulose-derived composite films and they have been reported to have 

improved mechanical, barrier, and optical properties (Bansal et al., 2016; Khan et al., 2014; 

Li et al., 2013; Sundaram et al., 2016). Films made from a combination of chitosan and 

alginate have also given positive results in terms of their thermal properties, water vapor 

permeability and gas-exchange properties (Acevedo-Fani et al., 2015; Poverenov et al., 

2014a). Edible films made from gelatin and chitosan composites was used to preserve red 

bell peppers, the treatment reduced the rate of microbial spoilage and increased the shelf life 

of the foods (Poverenov et al., 2014b). Addition of extracts from plants (e.g. citrus, thyme, 

clove, cinnamon) and animals (e.g. bees) have also produced films which improved food 

quality due to their excellent antimicrobial, antioxidant, barrier, and mechanical properties 

among others (Wang et al., 2018). 

Synthetic polymers have also been combined with chitosan; a study on chitosan/PLA films 

exhibited improved mechanical, tensile and thermal properties (Bie et al., 2013). Similarly, 

chitosan/salicylic acid and chitosan/fumaric acid films conferred protective properties on 

foods, for example, eliminating chilling injury in cucumbers (Zhang et al., 2015). Adding 

poly (ethylene) oxide influenced thermal properties and hydrophobicity of the resulting 
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films (Kohsari et al., 2016). Incorporating polycaprolactone and isothiocyanate into chitosan 

films increased their antibacterial properties (Alix et al., 2013; Guo et al., 2015). 

2.4 Polyvinyl Alcohol/Chitosan Composite Films 

PVA and chitosan composites have been reported to give good films due to the 

intermolecular hydrogen bonds between both polymers (Wang et al., 2015). Increase in the 

amount of PVA in the blends improves tensile strength, elasticity, elongation, plasticity, and 

barrier against oxygen and water. This gives chitosan/PVA film the ability to be used as 

antimicrobial packages (Wang et al., 2015; Giannakas et al., 2016). Blending chitosan and 

PVA has the potential to improve the low biodegradability of PVA because chitosan is a 

natural and biobased polymer (Broek et al, 2015). Nanofiller have also been widely 

researched to improve different properties of PVA/chitosan blends. Khoo et al. (2013) 

reduced water absorption and thermal degradation of PVA/chitosan films by adding 

halloysite nanotubes while Butnaru et al. (2016) used cloisite 30B nanoclays to reinforce 

PVA/chitosan blend which improved their mechanical and thermal properties. Al-Tayyar et 

al. (2020) developed films composed of chitosan, PVA, and silicon dioxide nanoparticles 

doped with zinc oxide nanoparticles (ZnO-SiO2). These films offered antibacterial 

properties against Staphylococcus aureus and Escherichia coli, reduced the level of food-

borne pathogens, and improved the appearance of bread. Crosslinking of these polymer 

blends have also been explored and reported to improve its mechanical strength when 

compared to unloaded samples (Jahan et al., 2016). Researchers have also reported that 

incorporating bioactive compounds into PVA/chitosan results in films with unique 

characteristics such as excellent mechanical properties and resistance to fire (Pal & Katiyar, 

2016). Anthocyanin extracted from red cabbage (Brassica oleraceae) has been incorporated 

into chitosan/PVA blends as time-temperature signals for intelligent packaging (Pereira et 

al., 2015). Annu et al. (2021) added extracts from Ocimum tenuiflorium to the chitosan/PVA 

matrix to obtain films with good antioxidant properties and improved barrier against light 
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and water. A common challenge experienced when blending polymers is obtaining 

homogeneous mixtures, although PVA and chitosan mixtures have exhibited good solution 

homogeneity because of the functional hydroxyl and amino groups in both polymers 

(DeMerlis & Schoneker, 2003). 

2.5 Active Films in Food Packaging 

Food packaging undoubtedly plays important roles in food production, from containing raw 

materials from the farm or fields down to transporting, storage, processing, marketing until 

the food product gets to the table of the final consumer. Throughout these processes, food 

packaging materials are expected to slow down or completely prevent all forms of chemical, 

physical, or microbiological degradation (Anis et al., 2021; Lee, 2010). It then becomes a 

challenge to develop packaging materials, which do not only offer preservative function but 

also enhance shelf life of food products (Anis et al., 2021). While developing packaging 

materials, it is important to consider factors such as design of the package, cost of material, 

and reactions that may occur during food storage such as oxidation (Alamri et al., 2021; 

Bhargava et al., 2020). Reactions in foods tend to reduce their acceptability and overall 

quality (Bhargava et al., 2020). Even though active films are not yet widespread in the 

market, materials such as leaves have been used for many years to prepare and package 

foods because they have excellent barrier against gas and microbes in addition to conferring 

color, flavor, aroma, enzymes as well as keeping food fresh (Dainelli et al., 2008). Materials 

used in active films are expected to be safe and compatible with the food matrix because 

they migrate from the films and interact with food (Ahmed et al., 2017). 
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2.6 Antimicrobial Food Packaging 

There is a consensus amongst several researchers that antimicrobial food packages preserve 

food by creating a barrier between food, spoilage organisms and/or other pathogens while 

keeping the food safe without any change in its composition. This is achieved by a controlled 

release of the incorporated antimicrobials (Valencia-Chamorro et al., 2011; Barros-

Velazquez, 2016; Malhotra et al., 2015). 

2.6.1 Preparation Methods for Antimicrobial Food Packages 

These methods have been categorized as follows: 

a) Direct incorporation of antimicrobial agents into polymers during solution mixing 

b) Ionic or covalent immobilization of antimicrobials onto polymer membranes 

c) Addition of antimicrobial agents in form of absorbent pads or sachets into food 

packages 

d) Coating of antimicrobials on membrane surfaces (surface coating) 

e) Utilization of film-forming antimicrobial polymers 

f) Combination methods involving any of the above mentioned 

Source: (Appendini & Hotchkiss, 2002; Khaneghah et al., 2018; Coma, 2008). 

Among these techniques, the combination methods have proven to be very effective in 

obtaining antimicrobial packages with multiple inhibitory functions against microbes. For 

instance, addition of photocatalytic antimicrobial titanium oxide nanoparticles to chitosan 

biopolymer with film-forming capacity gave rise to antimicrobial films with the ability to 

destroy microorganisms under visible light (Zhang et al., 2017). Some of these methods are 

most effective at laboratory scale while some have potential as industrial methods. Although 

industrial processes require high temperature and pressure which makes the application 

unsuitable for heat-sensitive antimicrobials which are the most abundant and most studied 

variants (Fu & Dudley, 2021). 
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2.7 Types of Antimicrobial Substances 

Antimicrobials can be broadly divided into natural and synthetic, based on their origin. 

2.7.1 Synthetic Antimicrobials 

Synthetic antimicrobials are basically preservatives that have been approved for use in food 

(GRAS). They are not from animal, plant, or microbial sources and most of them are 

nanoparticles made from metals or metal oxides (Kuplennik et al., 2015). Some examples 

of these substances are nanoparticles obtained from zinc oxide (ZnO), silver (Ag), copper 

(Cu), titanium dioxide (TiO2) etc. These synthetic nanoparticles (NPs) are produced by 

physical and/or chemical modifications and are usually directly incorporated into packaging 

films because they have great antimicrobial activity and are stable in harsh conditions 

required in film manufacturing (Fu & Dudley, 2021; Garcia et al., 2018). However, coating 

of nanoparticles on the surfaces of films have shown better efficacy as antimicrobial agents 

as against direct incorporation (Azlin-Hasim et al., 2018). Zinc oxide nanoparticles have 

been reported to have the ability to penetrate bacterial cells, producing reactive oxygen 

substances such as hydrogen peroxide that can interact with DNA hence causing cell death 

(Garcia et al., 2018). TiO2 nanoparticle is a substance which is photocatalytic, and its 

antimicrobial activity is initiated in the presence of light and water which produces radicals 

and inactivates polyunsaturated phospholipid in the cell membrane by oxidation hence 

keeping food stable (Alrousan et al., 2009). 

2.7.2 Natural Antimicrobials 

Natural antimicrobials are those obtained from plants, animals or microorganisms and have 

been receiving more attention because of their importance on the environment and growing 

awareness in green technology (Fu et al., 2016). Nisin, a common type of bacteriocin 

synthesized in the ribosomes of Lactococcus lactis is an FDA-approved natural 

antimicrobial and has excellent inhibition against gram-positive bacteria (e.g. Clostridium 

botulinum) because it produces pores in the cytoplasm. However, it has no inhibition power 
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against gram-negative forms because they have barriers on their outer membrane (de Arauz 

et al., 2009; Breukink & de Kruijiff, 2006). Lysozyme is another type of natural 

antimicrobial. It is an enzyme which can inhibit bacteria, especially gram-positive variants. 

The inhibition power of lysozyme stems from its ability to break glycosidic bonds between 

N-acetylmuramic acid and N-acetylglucosamine in peptidoglycan, which leads to leaching 

of cell wall content and death of bacteria (Muriel-Galet et al., 2013; Irkin & Esmer, 2015). 

Organic acids include lactic acid, tartaric acid, propionic acid, sorbic acid, etc. They have 

been traditionally used as food additives and proven to inhibit fungal and bacterial cells 

(Cha & Chinnan, 2004). Under normal conditions, cells of microorganisms are optimal 

around a neutral pH, but when the pH is reduced, cellular activities are disrupted which 

eventually ends in cell death (Coban, 2020). Organic acids can be gotten via chemical or 

biological processes. Those produced biologically by microorganisms in a process of 

fermentation have more advantages that those produced chemically because of the 

sustainability, eco-friendliness, and reliability (Hermann et al., 2007). Using organic acids 

as antimicrobial agents in foods depends on factors such as the minimum inhibition 

concentration, molecular weight, nature of microorganism, chemical formula, and 

dissociation constant. Most organic acids have their dissociation constant within a pH of 3 

to 5 and these are suggested to be the most suitable for use with foods. Similarly, organic 

acids with carbon atoms less than seven have also been stated to be more effective as 

antimicrobials (Coban, 2020). Another group of natural antimicrobials are plant-derived 

substances such as essential oils and powdered extracts. These groups are not only FDA-

approved but effective against all kinds of microorganisms (yeasts, molds, gram-positive 

and gram-negative bacteria) and they do this by disrupting the outer membranes of microbial 

cells thereby increasing cell permeability and leading to loss of cell contents and eventually 

cell death (Falleh et al., 2020; Burt, 2004; Hyldgaard et al., 2012). These compounds contain 

phenolic substances, and their antimicrobial efficacy is linked with the proportion of 
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phenolic compounds in them (the higher the level of phenols, the more effective against 

microbial inhibition). Some of the antimicrobial agents with high phenol contents and the 

active compounds in them includes oregano (carvacrol), thyme (thymol), clove (eugenol), 

turmeric (curcumin), cinnamon (cinnamaldehyde), ginger (gingerol), etc. (Dhifi et al., 2016; 

Pancholi et al., 2021; Ojagh et al., 2010). 

2.7.2.1 Clove (Eugenol) 

Clove is the scented dried flower obtained from the tree of Syzgium aromaticum (also 

referred to as Eugenia cariophylata). This spice is well known for its age-long use as a food 

preservative and medicine due to its potency as an antimicrobial, antioxidant, analgesic, 

cytotoxic, antiviral, anesthetic, and hepatoprotective properties (Hussain et al., 2017). Clove 

is rich in phenolic compounds, some of which are responsible for its pleasant aroma. 

Compounds like hydroxybenzoic acids, hydroxycinnamic acid, flavonoids, salicylic, and 

ferulic acids. The most prominent among these bioactive compounds is eugenol (Figure 8), 

present in as much as 9,381 to 14,650 mg/100 g in fresh plants (Shan et al., 2005; Mittal et 

al., 2014). The most used form of clove is in the form of oil rather than its powdered extract. 

Essential oils extracted from the aerial parts of the plant contains over 70% eugenol, 15% 

eugenyl acetate, and about 12% beta- caryophyllene which are the main compounds 

responsible for its antimicrobial activity (Mittal et al., 2014; Rather et al., 2021). However, 

despite its potency, clove is not effective against bacteria inhibition for long periods of time 

because it is volatile and unstable, hence it is usually incorporated with other polymers to 

enhance its stability (Cui et al., 2015; Mulla et al., 2017). Chitosan nanoparticles containing 

clove oil have been studied to evaluate the stability of clove oil. It was confirmed to be 

effective against E. coli and preserved the color and flavor of cucumbers for over five days 

(Cui et al., 2018). Clove oil has also been proven to enhance wound healing when added to 

polycaprolactone-gelatin nanofibers (Unalan et al., 2019). Pectin-clove edible coating have 

also been developed and used to preserve bream fillets and the result showed that lipid 
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oxidation was reduced, and the coatings extended the shelf life for up to 15 days with 

effective inhibition against gram-negative bacteria (Nisar et al., 2019). 

 

Figure 8: Structure of eugenol (Hussain et al., 2017) 

2.7.2.2 Turmeric (Curcumin) 

Turmeric is botanically referred to as Curcuma longa, it is a popular rhizome belonging to 

the ginger family (Zingberaceae) (Pawar et al., 2014). Turmeric is popular as a therapeutic 

herb and a culinary spice added to foods, it also has religious significance in some regions 

of India (Prasad & Aggarwal, 2011). The medicinal importance of turmeric is because of 

the presence of yellow pigmented curcuminoids, bioactive compounds which comprises of 

curcumin, bisdemethoxycurcumin (BDMC), and demethoxycurcumin (DMC), all of which 

can be isolated from turmeric (Rathore et al., 2020; Bhūtyā et al., 2011; Salehi et al., 2018). 

Curcumin is the principal, most studied among these compounds, and it has given turmeric 

even more popularity and importance. Curcumin (Figure 9) is a fat-soluble polyphenol with 

a molecular formula of C21H20O6 and a low molecular weight of 368.38 g/mol (Adamczak 

et al., 2020). It has been used traditionally as a relief from gastrointestinal disorders like 

indigestion, diarrhea, and gastric ulcers (Kwiecien et al., 2019). It also functions as an 

antibacterial, anti-inflammatory, and used in treatment of several ailments such as liver 

disorders, cough, asthma, rheumatism, anorexia, and for healing burns and wounds etc. 

(Prasad & Aggarwal, 2011; Nair, 2019). 
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Figure 9: Chemical structure of curcumin (Adamczak et al., 2020) 

Turmeric and curcumin are now widely used as food additives due to their flavoring, 

coloring, and preservative properties (Basnet & Skalko-Basnet, 2011; Prasad & Aggarwal, 

2011). Despite its poor solubility in water, curcumin has still been confirmed to have strong 

antibacterial activity (Kotha & Luthria, 2019). This compound has also found importance 

in food packaging especially in the development of active, smart, and multifunctional 

biodegradable packages. Curcumin has the potential to act as a biosensor for detecting pH 

changes in smart packaging of foods. This is because the compound is highly sensitive to 

acid-base reactions and responds via color changes that are visible to consumers without 

opening the package (Chen et al., 2020; Liu et al., 2018). In acidic conditions (pH: 3.0–7.0), 

curcumin exhibits a yellow color but with an increase in the pH to about 8, the color changes 

to red. This color change results from the reaction between phenolic hydroxyl and hydroxide 

ion to form a phenoxide ion (Chen et al., 2020). In active packaging, curcumin has been 

studied for its antimicrobial and antioxidant properties and has shown to be effective against 

foodborne pathogens such as Staphylococcus aureus, Escherichia coli, Pseudomonas 

aeruginosa, Bacillus subtilis, Salmonella typhimurium, etc. (Oliveira Filho et al., 2021). 

2.7.2.3 Cinnamon (Cinnamaldehyde) 

Cinnamon is a GRAS spice with a peculiar flavor and aroma and widely used as a food 

additive. Like all herbs and spices, cinnamon also contains bioactive compounds which 

accounts for its characteristics. The compound with the most percentage is cinnamaldehyde, 

although other compounds such as linalool and β-caryophyllene are present (Tzortzakis, 

2009). Trans-cinnamaldehyde is another important constituent majorly present in cinnamon 

essential oil (Yeh et al., 2013). Traditionally, cinnamon has been identified as an 

antioxidant, anti-inflammatory agent, antifungal, nematicidal, antidiabetic, as well as a 

coagulant to prevent excess bleeding and a treatment for dental problems like toothaches 

and bad breath (Tzortzakis, 2009; Tung et al., 2010; Rao & Gan, 2014). Cinnamaldehyde, 
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also known as 3-phenyl-2-propenal or cinnamic aldehyde (Figure 10) gives cinnamon its 

antimicrobial and antioxidant properties; its inhibitory effect occurs when the lipophilic 

group penetrates the cells of microorganisms and causes cell death (Qin et al., 2015). 

Therefore, cinnamon has been employed as an antimicrobial agent in the development of 

food packages. Petrou et al. (2012) incorporated cinnamon oil into edible film made from 

apple puree and it inhibited the growth of spoilage organisms in chicken breasts. Chitosan-

cinnamon edible coating was applied in the preservation of rainbow trout and the result 

showed that quality of the fish was retained and shelf life extended (Ojagh et al., 2010). In 

the same vein, Valizadeh et al. (2019) incorporated cinnamon essential oil into film 

containing chitosan, carboxymethyl cellulose, and oleic acid. This film provided antioxidant 

and antimicrobial activity against Pseudomonas aeruginosa and Listeria monocytogenes, it 

also improved the flexibility and water vapor permeability of the films. 

 

Figure 10: Chemical structure of cinnamaldehyde (Rao & Gan, 2014) 
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2.8 Microbial spoilage of food 

Food spoilage involves a myriad of reactions occurring between the organisms, food 

additives, preservatives, and the food matrix under appropriate pH, temperature, water 

activity, oxygen, and carbon dioxide levels (Doyle, 2007). The most common organisms 

associated with spoilage of foods are yeasts, molds, and a range of bacteria including 

Staphylococcus, Listeria monocytogenes, Escherichia coli, Campylobacter, Shigella, 

Salmonella, Bacillus, and Clostridium perfringens (Dhama et al., 2013). Protein-rich foods 

such as dairy (milk, cheese etc.), and poultry (chicken, turkey) are excellent medium for 

microbial growth due to their nutritional composition and high moisture content and water 

activity (Boor & Fromm, 2006; Doyle, 2007). It is important to understand the factors that 

influence growth of foodborne pathogens so that necessary modifications and/or precautions 

will be taken to avoid their proliferation in foods. Water activity is the most important factor 

when considering the growth of microorganisms in food, a low water activity is important 

for longer shelf life and reduced activity of microbes (Doyle, 2007; Lopez-Malo & 

Alzamora, 2015). pH and temperature are also very important factors that influence the 

growth and reproduction rates of microorganisms. It is also important to note that different 

types of microbes and their strains respond differently to pH and temperature changes (Kim 

et al., 2018), hence the reason why all microorganisms have a minimum, optimum and 

maximum pH and temperature growth range. The optimum is the best pH or temperature in 

which rapid growth of microbes occur, while minimum and maximum pH or temperature 

signifies slow or no growth regions. With respect to pH, most bacteria grow best around pH 

5 to 8, hence are referred to as neutrophiles. While organisms that grow best within acid pH 

(1–3) are acidophiles while those that have their optimum pH between 8–10 are alkaliphiles 

(Jin & Kirk, 2018). 
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Chapter 3 

3. Materials and Methods 

3.1 Materials 

Polyvinyl alcohol (PVA) (white crystalline powder, 4% viscosity, 98–99% hydrolysis, and 

molecular weight of 85,000 to 1,24,000), chitosan powder (95% deacetylation), acetic acid, 

clove oil, and turmeric (curcumin) were purchased from international company for scientific 

and medical supplies, Cairo. The PVA and chitosan purchased were under the brand name 

Techno Pharmachem, India. Polyethylene glycol and glutaraldehyde were obtained from the 

chemistry laboratory at the American university in Cairo. Cinnamon powder, white cheese 

and fresh chicken breasts were purchased at a nearby supermarket. Distilled water was used 

throughout the experiments. 

3.2 Methods 

The methodology involved first developing different compositions of PVA and chitosan 

polymer films and then analyzing their mechanical properties. The different compositions 

were achieved by varying the concentrations of PVA and chitosan at different percentages. 

The polymer with the most acceptable mechanical property was selected and used to 

develop the antimicrobial films using clove oil, turmeric, and cinnamon antimicrobial agents 

each at 0.4%, 0.8%, and 1.2% concentrations. Antimicrobial and antioxidant analysis were 

then carried out on all films to select the most acceptable concentration. The antimicrobial 

films containing 1.2% concentration of the antimicrobial agents emerged as the optimized 

sample and was evaluated using different characterization methods and its effectiveness in 

shelf stability studies. 

3.2.1 Film Preparation 

Solvent casting method was used to prepare the biodegradable packaging films. For the 

plain films, 2% chitosan (by weight) was dissolved in 2% acetic acid and 8% of PVA was 

dissolved in distilled water (60℃) in a laboratory bottle while stirring until a homogenized 
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mixture was obtained. Both solutions were mixed, PEG was added as a plasticizer to 

improve flexibility of films glutaraldehyde was added to improve thermal stability and 

tensile strength. The solution was sieved using a muslin cloth and left for a few minutes for 

degassing to occur. The solution was then casted over glass plates of internal dimensions 

16cm by 16cm and left at room temperature until the solvent completely evaporated, Figure 

11. For the antimicrobial films, the same method as above was adopted with the addition of 

the antimicrobial agents (cinnamon, turmeric, and clove) at 1.2% concentration. The dried 

films were peeled off and stored for further analyses. The films were labeled as follows. 

PVA/chitosan films without antimicrobial agent = PLAIN, PVA/chitosan films with 

cinnamon = CIN, PVA/chitosan films with turmeric = TUR, PVA/chitosan films with clove 

= CLO.  
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Figure 11: A scheme showing PVA/chitosan film preparation   
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3.3 Characterization Methods 

3.3.1 Scanning Electron Microscopy (SEM) 

Morphology of the membranes were investigated using a scanning electron microscope 

(Supra 5S LEQ, Zeiss). The experiment was carried out at the science and technology 

research center (STRC) at The American University in Cairo. SEM works by employing 

high energy scanning or imaging of the samples. 

3.3.2 Thermogravimetric Analysis (TGA) 

Thermal stability of the films was evaluated using a thermogravimetric analyzer model Q50, 

Lukens Drive, New Castle, USA. Small pieces of samples were cut, placed in a platinum 

pan, and heated from 20 to 600 ℃ at a rate of 10 ℃/minute under nitrogen atmosphere with 

a flow rate of 50 ml/min. The change in weight was plotted against the corresponding 

temperature and displayed on TGA curves. 

3.3.3 Fourier-Transform Infrared Spectroscopy (FTIR) 

FT-IR spectra of plain and antimicrobial films were investigated to determine their chemical 

structures and possible interactions between their components. The spectra were obtained 

by Thermo Scientific Nicolet 380 FT-IR, Waltham, MA, USA in The American University 

in Cairo. The samples were cut into 2 cm × 2 cm and the spectra was measured under a 

wavelength range between 500 and 4000 cm-1 at room temperature. 

3.3.4 Mechanical Properties 

Stress-strain isotherms were obtained according to the ASTM D822. The dried films were 

cut into dimensions 6 cm × 1.5 cm. The thickness of the films was measured using a manual 

micrometer screw gauge at three random parts of each sample and the mean values were 

0.18 mm for plain PVA/chitosan, 0.14 mm for PVA/chitosan plus clove, 0.12 mm for 

PVA/chitosan plus cinnamon and 0.15 mm for PVA/chitosan plus turmeric. Two distinct 

lines were drawn at 3 cm apart before hanging the sample, to determine the change in length 

for each stress applied. The films were secured between two clamps, the lower clamp is 
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immobile while the upper is connected to strain gauge. Tensile force was applied by constant 

straining of the upper clamp which caused stretching of the film. The force was recorded 

via a digital oscilloscope connected to a transducer supplying the data through constant 

voltage DC supply. The readings were taken after 15 minutes to allow for equilibrium. The 

elastic force (f) was determined versus elongation and the equilibrium elastic force (f*) was 

calculated according to the following equation: 

f ∗  =  f
A∗ൗ  

Where f is the elastic force in Newton and A* is the cross-sectional area (cm2). The stress-

strain graph was plotted. 

3.3.5 Antibacterial activity of active films 

Agar-plating colony forming unit (CFU) counting test was used to evaluate the antibacterial 

activity of the polymer sheets against gram-positive Staphylococcus aureus (S. aureus) and 

gram-negative Escherichia coli (E. coli). Bacterial suspension (McFarland standard 0.5) 

was prepared and incubated in Mueller-Hinton broth medium. Then, 200 μL of the prepared 

bacterial suspension was added into 96-well plate containing the test samples and control 

sample, followed by incubation of the well plate at 37 °C for 24 hours. 20 μL bacterial 

solution was then cultured on the surface of dried nutrient agar plates, followed by 

incubation at 37 °C for 24 hrs. The bacterial colony on the plates was observed by a digital 

camera, and the number of colonies was counted. The experiment was done in triplicate to 

ensure the accuracy. Antibacterial efficacy was calculated as follows: 

Antibacterial ratio (%)

=
(CFUs in control group − CFUs in experimental group)

CFUs in control group
× 100 
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3.3.6 Antioxidant activity 

The antioxidant activity of the films was measured by the 1,1-diphenyl-2-picrylhydrazyl 

(DPPH) test. DPPH is a stable free radical at room temperature, it produces a violet solution 

in ethanol and when an antioxidant molecule is added to the solution, DPPH loses electron, 

and the solution goes from violet to colorless after a specified time. This occurs because The 

absorbance is then measured by spectrophotometry. In literature, % inhibition in DPPH 

absorbance is also free radical scavenging activity (FRSA) or radical scavenging activity 

(RSA). The films were cut into small pieces (1 cm × 1 cm), immersed in ethanol, and left 

for a while for the active compounds to be extracted. The resulting solution was measured 

at different concentrations (3.9, 7.8, 15.62, 31.25, 62.5, 125, 250, 500, 1000 μg/ml) and 

mixed with 1 ml of DPPH by vigorous shaking, then the mixture was allowed to stand at 

room temperature for 30 minutes. The absorbance was measured via spectrophotometer 

(UV-VIS Milton Roy) at 517 nm. The percent DPPH scavenging activity was calculated by 

using following equation: 

% Inhibition =  
A  − Aଵ

A
 × 100 

Where A0 is the absorbance of control (DPPH solution alone) and A1 is the absorbance of 

DPPH in the presence of test sample. 

3.4 Shelf Stability Studies 

3.4.1  Sample Preparation 

Chicken breast meat and white cheese were chosen to test the efficacy of the PVA/chitosan 

active films. Fresh boneless and skinless chicken breast was cleaned, cut into small cubes, 

and formed with a burger press after which the meat was sandwiched between two films of 

dimension 12 cm × 12 cm and the ends of the films were closed with scotch tape to prevent 

entry of air and other foreign substances, Figure 12. As for the white cheese, they were cut 

and packaged by wrapping the films around them and securing with a scotch tape as shown 
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in Figure 13. All samples were stored at 5 ℃ for 14 days with pH and microbiological 

analysis carried out at days 0, 7 and 14. These analyses were carried out at NAWAH 

scientific laboratory, Al-Mokattam, Cairo, Egypt. 

3.4.2  pH Analysis 

pH of the was measured with a pH meter. 10 grams of the food samples was added to 90 

mL of distilled water and homogenized with a blender. The resulting mixture was used for 

the pH determination. 

3.4.3  Antimicrobial Analysis of Packaged Foods 

25 grams of the food samples were weighed and added to 225 ml of buffered peptone water 

(initial suspension representing dilution 10-1 of sample). The mixture was homogenized with 

a stomacher for 2 minutes and serial dilution was performed using 9 ml of buffered peptone 

water up to 10-8. 

For aerobic plate count, 1 ml of the initial suspension was transferred into an empty petri 

dish and mixed with 20 ml of plate count agar using pour plate method. Plating was 

performed in duplicate and incubated at 30 ℃ for 72 hours. 

For total coliform, 1 ml of the initial suspension was mixed with 20 ml Violet Red Bile 

Lactose agar (VRBL) medium using pour plate method. After solidification, a second layer 

of VRBL was poured onto the plates. Incubation was carried out at 37 ℃ for 42 hours after 

which characteristic colony types were counted. 

For coagulase-positive Staphylococcus aureus, plates of Baird-Parker medium 

supplemented with egg yolk tellurite emulsion was prepared and dried for 30 minutes in a 

biosafety cabinet. 250 µL of the initial suspended was inoculated onto the dried plate using 

spread plate method. Four plates were inoculated for each dilution up to 1 ml of sample. 

Plates were also prepared using dilution factor of 10-2 and all plates were incubated at 37 ℃ 

and examined at 24–48 hours. The number of typical colonies were identified and confirmed 

by coagulase positive test. Number of colonies were counted from plates with less than 150 
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colonies. All colonies were reported in colony forming unit per gram (cfu/g) and plotted as 

logarithm of the colony forming unit per gram (log cfu/g).  
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Figure 12: Chicken breast meat packaged with plain and active PVA/chitosan film 

(a) = plain PVA/chitosan film  (b) = PVA/chitosan film with cinnamon 
(c) = PVA/chitosan film with clove   (d) = PVA/chitosan film with turmeric 

 

 

Figure 13: White cheese packaged with plain and active PVA/chitosan film 

(a) = plain PVA/chitosan film  (b) = PVA/chitosan film with cinnamon 
(d) = PVA/chitosan film with clove   (d) = PVA/chitosan film with turmeric 
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Chapter 4 

4. Results and Discussion 

4.1 SEM of Antimicrobial Films 

The SEM snapshots of plain and active antimicrobial PVA/chitosan films are presented in 

Figure 14. All samples except the clove-containing film (CLO) showed homogeneity and 

compactness, suggesting significant interfacial adhesion between PVA, chitosan and the 

other additives. The SEM snapshots show that plain films as well as those loaded with 

turmeric (TUR) and cinnamon (CIN) showed smooth surfaces, indicating no phase 

separation between the blends’ components or between the polymeric materials and the 

added antimicrobial substances. However, the SEM snapshot of the polymeric film loaded 

with clove oil showed clear phase separation due to the hydrophobic nature of the clove oil 

and the hydrophilic nature of the PVA/chitosan polymeric film, which caused the droplets 

to coalesce and separate out. Nevertheless, on a macroscopic scale, the film itself showed 

homogeneity between the various components of the polymeric blend, which suggest that 

the phase separation between the clove oil droplets and the polymeric blend was, in fact, a 

microphase separation on the nanoscale region. The coalescence and flocculation developed 

during the film drying have also been attributed to the roughness observed in these films 

(Peng & Li, 2014). It has been suggested that the volatile nature of the essential oils could 

also create cavities on the film surfaces (Ahmed et al., 2016; Ahmad et al., 2012). 
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Figure 14: SEM snapshots of plain (a), PVA/chitosan with turmeric (b), PVA/chitosan with 

cinnamon (c), PVA/chitosan with clove (d) 
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4.2 TGA 

Thermogravimetric analysis was carried out to investigate the influence of the antimicrobial 

agents on the thermal stability of PVA/chitosan films, Figure 15. The first derivative 

thermogravimetric analysis (DTG) curves are also shown in Figure 16. It is obvious from 

the figures that adding the different antimicrobial agents did not significantly cause a change 

in the thermal stability of the films. All samples showed three distinct stages of degradation 

at different temperature ranges. The degradation temperatures at the beginning of the 

thermal profile, at 50% weight loss and at the final stages of the thermal treatment had close 

values to each other when compared to the plain PVA/chitosan film as seen in Table 1. 

Therefore, it can be concluded that adding the antimicrobial agents to the polymeric blends 

did not have a major influence on the thermal degradation profile of the samples. TUR 

exhibited a low degradation profile among antimicrobial-loaded films, while CLO showed 

the highest thermal stability. Generally, the first mass loss is associated with evaporation of 

adsorbed water within the polymer molecules. The second mass loss accounts for most of 

the degradation that occurs; this includes decomposition of PVA, depolymerization of 

chitosan, evaporation of the antimicrobial agents, degradation of the glutaraldehyde cross-

linking agent and the polyethylene glycol plasticizer. The film with the highest mass loss at 

the second phase was CIN, losing 69.57% between temperatures of 170 to 315 ℃. This 

stage has also been correlated with dehydroxylation of PVA according to Sambudi et al. 

(2016). Liu et al. (2022) reported that PVA is not highly thermally stable and confirmed that 

incorporation of chitosan into PVA films had improved the thermal stability. 
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Figure 15: TGA thermogram of plain and antimicrobial-loaded PVA/chitosan films 

 

Figure 16: DTG thermogram of plain and antimicrobial-loaded PVA/chitosan films 
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Table 1: Characteristic temperatures for plain and active PVA/chitosan films 

Sample Tonset (℃) T50% (℃) Tfinal (℃) 

PLAIN 153.56 256.20 389.78 

TUR 162.75 257.30 399.30 

CLO 182.49 273.00 437.50 

CIN 170.62 265.27 401.77 

PLAIN = Plain PVA/chitosan film     TUR= PVA/chitosan film with turmeric 
CLO= PVA/chitosan film with clove oil   CIN= PVA/chitosan film with cinnamon 
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4.3 FTIR Analysis 

The molecular interaction between PVA/chitosan films containing natural antimicrobial 

extracts were studied via FTIR analysis. The spectra observed in all samples showed that all 

characteristic peaks were represented in both the plain and active films and confirmed the 

successful incorporation of natural extracts as well as the compatibility between PVA and 

chitosan. Plain PVA/CS films showed a broad transmittance at 3293.9 cm-1, which may be 

characteristic for hydrogen bonding and stretching connections between the hydroxyl (-OH) 

group of PVA and the amine (-NH2) group of chitosan as similar bands were seen in all the 

samples (between the range of 3277.9 and 3311.7 cm-1). Similar peak was observed by 

Zheng et al. (2014) for PVA/cellulose nanofibril; this confirms that transmittance between 

2000 to 4000 cm-1 is largely due to PVA H-bonding with polysaccharides. Peaks observed 

around 1500 to 2000 cm-1, although with different transmittance percentages were seen in 

all samples. This could indicate an efficient treatment of acetic acid with chitosan as reported 

by Essel et al. (2018). Bands seen around 2900 cm-1 represent the presence and stretching 

of C-H alkyl groups (Reddy et al., 2019). There were also characteristic sharp peaks around 

1000 to about 1700 cm-1 in the active films, which can be correlated to C=C stretching, 

C=O stretching, C-O stretching, C-H bending, and O-H bending, which are all peculiar to 

the aromatic active agents in the natural extracts added to the films (eugenol in clove, 

cinnamaldehyde in cinnamon and curcumin in turmeric) and confirming their presence 

(Talari et al., 2016). Peaks observed around 800 cm-1 have been attributed to the presence 

of saccharin structure in chitosan (Zakaria et al., 2012). 
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Figure 17: FTIR spectra of plain and antimicrobial-loaded PVA/chitosan films 

PLAIN = Plain PVA/chitosan film     TUR= PVA/chitosan film with turmeric 
CLO= PVA/chitosan film with clove oil   CIN= PVA/chitosan film with cinnamon  
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4.4 Mechanical Properties 

Mechanical properties are important in determining the suitability of films in food 

packaging application. For this reason, different compositions of PVA/chitosan polymers 

were prepared, and their mechanical properties were investigated so that the sample with 

the most acceptable property is selected, Figure 18. Naturally, chitosan produces brittle and 

stiff films (Jahan et al., 2016); blending with polyvinyl alcohol helps to reduce this 

phenomenon and imparts some flexibility on the films by increasing the free volume (Kanatt 

et al., 2012). In Figure 18, it can be observed that the blend composition containing 20% 

chitosan and 80% PVA had the highest maximum elongation (α) while maintaining its high 

modulus values, hence this blend composition was chosen as the basis for blends used 

throughout this research work. Films containing 70, 80 and 90% chitosan were also prepared 

but they were extremely stiff and highly brittle for food packaging application as shown in 

Figure 18 for samples containing 60% chitosan. 

The stress-strain graphs of PVA/chitosan films blended with different types of natural 

antimicrobial agents namely, turmeric, clove, and cinnamon are shown in Figure 19. It was 

observed that incorporation of these agents has influenced the mechanical properties of the 

films. It is obvious from this figure that the use of clove antimicrobial agent diminished the 

flexibility of the films while maintaining high modulus. This is possibly due to a composite 

effect resulting from the presence of clove oil droplets acting as a filler and rendering the 

blend as a composite. This can also be confirmed by observing the SEM snapshots where, 

unlike other films with cinnamon and turmeric, the clove oil droplets formed a separate 

phase from the polymeric blend, Figure 14.  
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Figure 18: Stress-Strain curve for different compositions of PVA/chitosan films 

CS = Chitosan  PVA = Polyvinyl alcohol 

 

 

Figure 19: Stress-Strain curve for PVA/chitosan films containing natural antimicrobial agents 
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4.5 Antioxidant Activity 

The antioxidant properties of plain and antimicrobial-loaded films were analyzed as a 

measure of the %DPPH radical scavenging activity (RSA) at different concentrations. Films 

(1 cm by 1 cm) containing 0.4, 0.8, and 1.2% of the antimicrobial agents were prepared and 

tested for their antioxidant activity, Figure 20. TUR showed highest scavenging activity 

even at low concentrations, followed by CIN, while CLO exhibited varying RSA. This may 

be due to agglomeration of clove oil at high concentration because of its hydrophobicity 

within a hydrophilic polymer matrix. However, the films loaded with 1.2% of the 

antimicrobial agents had the highest scavenging percentage thus they were selected and used 

in shelf-life studies. 

Free radicals are known to be associated with oxidation leading to development of off odors, 

off-flavors, and eventually spoilage in foods. Therefore, there is a need to investigate the 

antioxidant activities of natural compounds to improve physiological condition of foods 

such as delayed spoilage (de Torre et al., 2019). The antioxidant activities of the 

antimicrobial-loaded films were significantly enhanced when compared to the plain film. 

Plain PVA/chitosan film recorded no antioxidant activity (9%) while sample TUR with 

1.2% showed the highest radical scavenging activity at 78.7%, although this was closely 

followed by sample CIN (78.1%), however CLO had the least antioxidant activity (63.9%). 

Yashaswini and Iyer (2019) similarly reported a figure of about 64% for chitosan-based 

films with clove oil. Although, same authors created films with turmeric essential oil but 

reported a scavenging activity of about 56% which is contrary to the report obtained in this 

research. This might support the claim that reduced scavenging activity could be due to 

evaporation of essential oils during solvent drying stage of film preparation. Absence of 

scavenging activity in the control films might be due to the presence of PVA because Yang 

et al. (2016) reported that pure chitosan film exhibits some level of antioxidant activity. This 

is because the chitosan structure contains free amino groups (NH2) in chitosan which react 
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with free radicals to give stable radicals. This free NH2 group becomes unavailable in the 

PVA/chitosan matrix because it has been used as a reactive site in the intermolecular 

bonding (hydrogen bond) with PVA (Annu et al., 2021). Low composition of chitosan in 

the blend could also indicate the reason for absence of antioxidant activity in the control 

film. Enhanced antioxidant activity observed in the loaded films may be due to 

hydrophilicity of the composite films because solubility is crucial in determining the release 

of bioactive compounds on food surfaces (Peng et al., 2013). Researchers have also 

correlated high antioxidant activity to high phenolic contents in natural extracts because this 

leads to increased ability to donate hydrogen hence acting as a radical scavenger 

(Sankhalkar & Vernekar, 2016; Annu et al., 2021; Hiremani et al., 2021). 
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Figure 20: Effect of antimicrobial agents at different concentrations on radical scavenging activity 

PVA/chitosan films. 

  

0.4% 0.8% 1.2%

Plain PVA/CS 9.0 9.0 9.0

PVA/CS+Turmeric 77.0 78.1 78.7

PVA/CS+Cinnamon 57.4 70.9 78.1

PVA/CS+Clove 61.3 58.6 63.9

0

10

20

30

40

50

60

70

80

90

100

R
ad

ic
al

 S
ca

ve
ng

in
g 

A
ct

iv
it

y 
(%

)



 

45 

4.6 Antibacterial Activity 

The antibacterial properties of turmeric, cinnamon, and clove-containing films at different 

concentrations (0.4, 0.8 & 1.2%) are shown below. These films were tested against two 

common food pathogens, gram-positive Staphylococcus aureus (Figure 21) and gram-

negative Escherichia coli (Figure 22). The highest microbial inhibition was observed in the 

films containing 1.2% of the antimicrobial agents. 

After 24 hours of incubation, plain PVA/chitosan film did not have any inhibitory effect 

against S. aureus and E. coli. However, the composite films containing natural antimicrobial 

agents recorded high antimicrobial activity with a similar trend observed for both organisms. 

Film loaded with clove oil effectively inhibited the growth of S. aureus and E. coli and 

recorded the highest value in both cases (93.6% and 96.4% respectively). This was closely 

followed by CLO film (92.6% and 95%), while TUR film had the least inhibition against 

the organisms (79.2% and 88.1% respectively). The bacterial population (log cfu/ml) of the 

different concentrations of active PVA/chitosan films and free samples are indicated in 

Table 2. The values show that bacterial population and inhibition efficiency have an inverse 

relationship. This means that the bacterial population in log cfu/ml decreases as inhibition 

percentage increases. Plate count of free samples were higher those of the samples in the 

PVA/chitosan films, indicating a lower inhibition effect on the microorganisms. The 

bacterial count (log cfu/ml) of active films obtained in this study was lower than the values 

for PVA/chitosan films containing ZnO-SiO2 nanocomposites reported by Al-Tayyar et al. 

(2020). The findings obtained in this research gives an idea of the antibacterial potency of 

each of the natural agents used. The CFU values show that E. coli was slightly more 

sensitive to the antimicrobial agents than S. aureus. This occurrence may be due to 

differences in cell structure and metabolism. This finding was similar to those of Lan et al. 

(2020). These results indicate that the developed films may have good potential as active 

food packages, especially for fresh and perishable foods. 
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Figure 21: Antibacterial activity of PVA/chitosan films with different concentrations of 

antimicrobial agents against S. aureus.   TUR= PVA/chitosan film with turmeric 

CLO= PVA/chitosan film with clove oil   CIN= PVA/chitosan film with cinnamon 

 

 

Figure 22: Antibacterial activity of PVA/chitosan films with different concentrations of 

antimicrobial agents against E. coli.   TUR= PVA/chitosan film with turmeric 

CLO= PVA/chitosan film with clove oil   CIN= PVA/chitosan film with cinnamon 
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Table 2: Bacterial population of S. aureus and E.coli in PVA/chitosan films and free samples 

at different concentrations of antimicrobial agents 

Plate count (log cfu/ml) 

 S. aureus E. coli 

 0.4% 0.8% 1.2% 0.4% 0.8% 1.2% 

PLAIN 7.21 7.21 7.21 6.94 6.94 6.94 

Samples in a film 

TUR/Film 6.60 6.51 6.28 6.51 6.26 6.69 

CLO/Film 6.23 6.07 5.77 5.88 5.74 6.15 

CIN/Film 6.28 6.13 5.91 5.93 5.81 6.16 

Free Samples 

TUR 6.77 6.61 6.42 6.94 6.90 6.83 

CLO 6.26 6.17 5.98 6.53 6.47 6.39 

CIN 6.32 6.22 6.12 6.57 6.50 6.46 

PLAIN = Plain PVA/chitosan film   TUR/Film = PVA/chitosan + turmeric film 
CLO/Film = PVA/chitosan + clove film  CIN/Film = PVA/chitosan + cinnamon film 
TUR = Free turmeric   CLO = Free clove  CIN = Free cinnamon 
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4.7 Shelf Stability Studies 

4.7.1 pH of Chicken Breast samples 

Table 3: Effect of active packaging on the pH of chicken breast 

Storage Period 

 Day 0 Day 7 Day 14 

PLAIN 6.46±0.00a 6.20±0.00d 7.01±0.00a 

TUR 6.46±0.00a 6.64±0.00a 6.61±0.00b 

CLO 6.46±0.00a 6.27±0.00c 6.50±0.00c 

CIN 6.46±0.00a 6.49±0.00b 6.61±0.00b 

Samples are means ± standard deviation of duplicate determination 
Samples with different superscript letters in a column indicate significant difference 
PLAIN = Plain PVA/chitosan film    CLO = PVA/chitosan + clove film 
TUR = PVA/chitosan + turmeric film   CIN = PVA/chitosan + cinnamon film 

The pH of packaged chicken breast meat was measured through a period of 14 days to 

investigate the effect of antimicrobial agents on samples’ stability (Table 3). All 

microorganisms have sensitivity to pH, extremely high and low pH values can inhibit the 

growth of most microorganisms. However, all fresh and unprocessed foods do not have 

sufficient pH required to inhibit microbial growth hence there is need to monitor the pH 

changes in foods to indicate food stability (McGlynn, n.d). 

The initial pH of the fresh chicken breast was 6.46 at day 0. After 7 days of storage at 5 ℃, 

sample packaged in plain PVA/chitosan film recorded the most decrease in pH (6.20), 

followed by the sample packaged in CLO (6.27). Contrarily, TUR and CIN films recorded 

increase in their pH values (6.64 and 6.49 respectively). After 14 days, the pH of all samples 

increased significantly. The sample packaged in plain PVA/chitosan film showed the 

highest value (7.01) while sample packaged in CLO film recorded the least value (6.50). No 

significant difference (p<0.05) was observed in the pH of chicken packaged with TUR and 

CIN films (6.61). The pH values obtained in this study are in agreement with previous 
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reports revealing the effect of natural antimicrobial agents in meat preservation (Bojorges 

et al., 2020; Konuk Takma & Korel, 2019; Khezrian & Shahbazi, 2018; Souza et al., 2018). 

The pH of meat is closely correlated with freshness and quality parameters such as color, 

microbial growth, and tenderness of meat (Bojorges et al., 2020). This study showed that 

addition of turmeric, clove, and cinnamon as antimicrobial agents in the packaging of 

chicken significantly affected pH. Although the pH values increased, but the increase was 

gradual in the antimicrobial-loaded films, unlike what is evidenced in the plain 

PVA/chitosan film (a rapid increase from 6.20 to 7.01). TUR film however kept the pH 

value low, showing a decrease from 6.64 to 6.61 between days 7 and 14, indicating potency 

of the active compound in turmeric, curcumin (Chan et al., 2011). Increase in pH of 

perishable food is common during storage and it indicates the occurrence of biochemical 

reactions such as protein denaturation and increase in microbial growth which leads to the 

production and accumulation of volatile alkaline by-products such as amines and ammonia 

(Bojorges et al., 2020; Souza et al., 2018). This shows that the antimicrobial films were able 

to extend the shelf life of chicken due to the presence of high amounts of phenolic 

compounds and their high inhibition efficiency against microorganisms which has been 

explained in section 4.6. 
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4.7.2 pH of Packaged Cheese samples 

Table 4: Effect of active packaging on the pH of white cheese 

Storage Period 

 Day 0 Day 7 Day 14 

PLAIN 5.64±0.00a 6.78±0.00a 6.85±0.00a 

TUR 5.64±0.00a 6.52±0.00d 6.53±0.00d 

CLO 5.64±0.00a 6.63±0.00b 6.80±0.00b 

CIN 5.64±0.00a 6.60±0.00c 6.62±0.00c 

Samples are means ± standard deviation of duplicate determination 
Samples with different superscript letters in a column indicate significant difference 
PLAIN = Plain PVA/chitosan film   CLO = PVA/chitosan + clove film 
TUR = PVA/chitosan + turmeric film  CIN = PVA/chitosan + cinnamon film 

Effect of packaging on the pH of soft white cheese is shown in Table 4. pH values for all 

samples increased as the period of storage proceeded. Fresh cheese had an initial pH value 

of 5.64. At day 7, this value significantly increased to 6.78 in plain PVA/chitosan film but 

lower in the films containing antimicrobial agents. Cheese packaged with CLO film had a 

pH of 6.63, followed by CIN (6.60), while the least value was observed in cheese packaged 

with TUR (6.52). Similarly, at 14 days of storage, the pH of the cheese samples increased 

following the same trend. Faccia et al. (2019) also recorded increase in pH of cheese samples 

from 5.9 to 6.1 and inferred that absorption of moisture could be a reason for increasing pH 

in cheese. Marcuzzo et al. (2013) also suggested that high pH values observed could be due 

to decrease in lactic acid level caused by the action of yeast. pH of cheese is an important 

factor in cheese processing and storage. On one hand, it influences the characteristic flavor 

and texture of cheese. On the other hand, it is an indication of microbial activity because it 

controls the concentration of lactic acid available for fermentation (Marcuzzo et al., 2013). 
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4.7.3 Microbiological Assay 

The antibacterial activity of the PVA/chitosan films loaded with turmeric, clove, and 

cinnamon were tested in-vitro by packaging chicken and cheese, followed by storage at 5℃ 

for 14 days. The microbial population of the food samples were estimated and the changes 

in aerobic plate count (APC), Staphylococcus aureus, and total coliform count are presented, 

Figures 23 to 28. 

Chicken and cheese samples had an initial APC of 8.48 and 5.77 log cfu/g respectively, 

Figure 23 & 24. The initial microbial load of chicken is higher than other reports (Soysal et 

al., 2015; Shapi’i et al., 2020; Konuk Takma & Korel, 2019). It could be an indication that 

the samples may have been contaminated either during handling and/or transportation. On 

Day 7, these values increased significantly; the highest count for chicken was observed in 

the CIN films (9.46 log cfu/g) while TUR had the highest count for cheese (7.92 log cfu/g). 

Meanwhile, CLO recorded the least bacterial population (9.08 log cfu/g) for chicken after 7 

days of storage. By the 14th day, the total bacterial load in all chicken samples decreased 

significantly, while cheese samples were increasing. Overall, CIN offered the most 

inhibition against total bacterial load in cheese, suggesting the high inhibitory activity of the 

active compound, cinnamaldehyde. Meanwhile CLO gave the most inhibition in chicken 

breast samples. 

Staphylococcus aureus counts in chicken breast at day 0 was 1.85 log cfu/g, Figure 25. At 

day 7, the population decreased in samples packaged with CLO film (0.95 log cfu/g) and 

the plain film (1.0 log cfu/g) while CIN and TUR films showed an increase in S. aureus 

counts (2.20 and 1.90 log cfu/g respectively). Although by day 14, the population slightly 

increased in CLO (1.00 log cfu/g) and reduced to 1.00 log cfu/g in TUR. Meanwhile, the S. 

aureus count in all the cheese samples was constant throughout the duration of storage, 

Figure 26. The data obtained shows that the films were most effective in inhibiting the 

growth of S. aureus in both chicken and cheese samples. The values obtained for cheese 
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samples in this study were lower than those reported by Lin et al. (2019) who used Moringa 

oil as antimicrobial agent in chitosan-containing film. 

The initial count for total coliform in chicken breast was 6.59 log cfu/g and by the 14th day, 

the population had decreased in plain (6.23 log cfu/g) and CLO (5.28 log cfu/g) films, Figure 

27. In the antimicrobial assay discussed in Section 4.7, it was reported that the plain films 

do not have any antimicrobial activity. Hence, the reduction in coliform count observed may 

be due to the organisms approaching decline phase after undergoing rapid reproduction and 

producing toxic secondary metabolites which leads to cell death. Contrarily, chicken breast 

packaged in CIN film experienced an increasing number of coliforms at Day 7 (7.11 log 

cfu/g) and slight decrease in population at day 14 (7.08 log cfu/g). On the other hand, TUR 

experienced a decrease at day 7 (5.93 log cfu/g) and an increase in population back to the 

initial value of 6.59 log cfu/g. These results conformed with those reported by Souza et al. 

(2018). As for the cheese samples, the total coliform count remained constant from days 0 

to 7, with less than 10 colonies. However, by the 14th day, CIN antimicrobial films recorded 

the highest coliform count (3.41 log cfu/g), followed by the plain films (1.95 log cfu/g) and 

TUR (1.48 log cfu/g), while CLO showed no increment in coliform load, indicating effective 

inhibition and bactericidal effect of the active compound (eugenol) against coliform 

proliferation.  
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Figure 23: Effect of active packaging on aerobic plate count of chicken breast 

 

 

 

Figure 24: Effect of active packaging on aerobic plate count of white cheese 
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Figure 25: Effect of active packaging on S. aureus count in chicken breast 

 

 

Figure 26: Effect of active packaging on S. aureus count in white cheese 
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Figure 27: Effect of active packaging on total coliform count in chicken breast. 

 

 

 

Figure 28: Effect of active packaging on total coliform count in white cheese  
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Chapter 5 

5. Conclusion and Future Work 

The impact of petroleum-based plastics on environmental sustainability is gaining more 

attention nowadays. Environmentally friendly packaging films developed from bio-based 

polyvinyl alcohol and biodegradable chitosan are of a particular interest here and their 

physical, mechanical, and microbiological properties are investigated. The results of SEM 

revealed that incorporation of turmeric and cinnamon as antimicrobial agents gave 

homogenous and compact films, suggesting significant interfacial adhesion between PVA, 

chitosan and the additives. However, incorporation of clove oil resulted in a clear 

microphase separation attributed to the hydrophobic nature of the clove oil droplets and the 

hydrophilic nature of the PVA/chitosan polymeric film, which caused coalescence and 

separation of clove oil from the film matrix. Though, on a macroscopic scale, the film itself 

showed homogeneity and natural miscibility between the polymeric blend and the additive 

suggesting that the phase separation between the clove oil droplets and the polymeric blend 

was in fact a microphase separation on the nanoscale. 

Thermogravimetric analysis revealed that adding the antimicrobial agents to the polymeric 

blends had no significant influence on the thermal degradation profile. The degradation 

temperatures of the active films at the beginning of the thermal profile, at 50% weight loss 

and at the final stages of the thermal treatment had close values to each other when compared 

to the plain PVA/chitosan film. The molecular interaction between PVA/chitosan films 

containing natural antimicrobial extracts were studied via FTIR analysis. The spectra 

observed in all samples showed that all characteristic peaks were represented in both the 

plain and active films and confirmed successful incorporation of natural extracts as well as 

compatibility between PVA and chitosan. The mechanical properties of different 

compositions of PVA/chitosan polymers were prepared, and the sample with the most 

acceptable property was the blend produced from 80% PVA and 20% chitosan. This blend 
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was then loaded with turmeric, cinnamon and clove at different concentrations. The 

mechanical properties after incorporating these antimicrobial agents were presented in a 

stress-strain graph, which revealed that the presence of antimicrobial agents has influenced 

the mechanical properties of the films through a reduction in both the force and elongation 

at break. However, the clove-active films maintained a high force at break on the expense 

of the film flexibility. This was attributed to a composite effect resulting from the presence 

of clove oil droplets acting as a filler and rendering the blend as a composite. This 

phenomenon was confirmed by observing the SEM snapshots where, unlike other films with 

cinnamon and turmeric, the clove oil droplets formed a separate phase from the polymeric 

blend.  

To analyze the antioxidant activity of the films, antimicrobial agents were incorporated at 

0.4%, 0.8%, and 1.2% concentrations and the antioxidant activity was estimated as a 

measure of the radical scavenging activity (%RSA). The results revealed that the 

antimicrobial-loaded films exhibited significant antioxidant activities while the plain films 

recorded no antioxidant activity. Films containing turmeric showed highest scavenging 

activity even at low concentrations, followed by cinnamon active films, while clove-

containing films exhibited varying RSA which decreased at 0.8% concentration compared 

to 0.4%. This was attributed to agglomeration of the clove oil droplets at high concentration 

resulting from its hydrophobicity within a hydrophilic polymer matrix. 

Likewise, the antibacterial activity of the films showed improved inhibition against two 

common food spoilage pathogens, E. coli and S. aureus, with the highest inhibition 

percentage observed in cinnamon and clove active films, especially at 1.2% concentration 

of the antimicrobial agents., The plain and antimicrobial PVA/chitosan films were tested in-

vitro via packaging of chicken breast and white cheese, the food samples were monitored 

for changes in their pH and microbial count during a 14-day storage under refrigeration 

storage at 5℃. Results revealed that the pH of food samples was lower in the antimicrobial 
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loaded films, and they offered better shelf-life extension in cheese than chicken. Chicken 

packaged with clove-containing films showed lowest pH values while turmeric-containing 

films gave the least pH results in cheese samples after 14 days of storage. The 

microbiological assay investigated were aerobic plate count (APC), Staphylococcus aureus, 

and total coliform count. Turmeric-containing films recorded the least APC in chicken 

samples while cinnamon-containing films had the lowest APC for cheese after 14 days. 

Population of S. aureus in both chicken and cheese were very low throughout storage, 

suggesting that the antimicrobial agents were effective in hindering the growth of S. aureus. 

Similarly, incorporation of antimicrobial agents, especially clove and turmeric films gave 

the most inhibition against total coliform in cheese samples. Meanwhile chicken breast 

samples recorded higher coliform counts, though clove-containing films recorded lowest 

plate count. 

The findings of this research indicates that PVA/chitosan films incorporated with natural 

bioactive compounds such as turmeric, cinnamon and clove could be of importance as active 

food packages. 

A promising area of future work would be to study the effect of antimicrobial incorporation 

on the biodegradability, migration rate, and barrier properties of the PVA/chitosan films. 

  



 

59 

References 

Abdullah, Z. W., & Dong, Y. (2019). Biodegradable and Water Resistant Poly(vinyl) 

Alcohol (PVA)/Starch (ST)/Glycerol (GL)/Halloysite Nanotube (HNT) 

Nanocomposite Films for Sustainable Food Packaging. Frontiers in Materials, 6, 58. 

https://doi.org/10.3389/fmats.2019.00058 

Abdullah, Z. W., Dong, Y., Davies, I. J., & Barbhuiya, S. (2017). PVA, PVA blends, and 

their nanocomposites for biodegradable packaging application. Polymer-Plastics 

Technology and Engineering, 56(12), 1307–1344. 

https://doi.org/10.1080/03602559.2016.1275684 

Acevedo-Fani, A., Salvia-Trujillo, L., Soliva-Fortuny, R., & Martín-Belloso, O. (2015). 

Modulating Biopolymer Electrical Charge to Optimize the Assembly of Edible 

Multilayer Nanofilms by the Layer-by-Layer Technique. Biomacromolecules, 16(9), 

2895–2903. https://doi.org/10.1021/acs.biomac.5b00821 

Adamczak, A., Ożarowski, M., & Karpiński, T. M. (2020). Curcumin, a Natural 

Antimicrobial Agent with Strain-Specific Activity. Pharmaceuticals, 13(7), 153. 

https://doi.org/10.3390/ph13070153 

Ahmad, M., Benjakul, S., Prodpran, T., & Agustini, T. W. (2012). Physico-mechanical and 

antimicrobial properties of gelatin film from the skin of unicorn leatherjacket 

incorporated with essential oils. Food Hydrocolloids, 28(1), 189–199. 

https://doi.org/10.1016/j.foodhyd.2011.12.003 

Ahmed, I., Lin, H., Zou, L., Brody, A. L., Li, Z., Qazi, I. M., et al. (2017). A comprehensive 

review on the application of active packaging technologies to muscle foods. Food 

Control, 82, 163–178. 

Ahmed, J., Hiremath, N., & Jacob, H. (2016). Antimicrobial, Rheological, and Thermal 

Properties of Plasticized Polylactide Films Incorporated with Essential Oils to Inhibit 

Staphylococcus aureus and Campylobacter jejuni: Antimicrobial, rheological, and 



 

60 

thermal properties of plasticized…. Journal of Food Science, 81(2), E419–E429. 

https://doi.org/10.1111/1750-3841.13193 

Alamri, M. S., Qasem, A. A. A., Mohamed, A. A., Hussain, S., Ibraheem, M. A., Shamlan, 

G., Alqah, H. A., & Qasha, A. S. (2021). Food packaging’s materials: A food safety 

perspective. Saudi Journal of Biological Sciences, 28(8), 4490–4499. 

https://doi.org/10.1016/j.sjbs.2021.04.047 

Alix, S., Mahieu, A., Terrie, C., Soulestin, J., Gerault, E., Feuilloley, M. G. J., Gattin, R., 

Edon, V., Ait-Younes, T., & Leblanc, N. (2013). Active pseudo-multilayered films 

from polycaprolactone and starch based matrix for food-packaging applications. 

European Polymer Journal, 49(6), 1234–1242. 

https://doi.org/10.1016/j.eurpolymj.2013.03.016 

Alrousan, D. M., Dunlop, P. S., McMurray, T. A., & Byrne, J. A. (2009). Photocatalytic 

inactivation of E. coli in surface water using immobilized nanoparticle TiO2 films. 

Water Research, 43(1), 47–54. https://doi.org/10.1016/j.watres.2008.10.015 

Al-Tayyar, N. A., Youssef, A. M., & Al-Hindi, R. R. (2020). Antimicrobial packaging 

efficiency of ZnO-SiO2 nanocomposites infused into PVA/CS film for enhancing the 

shelf life of food products. Food Packaging and Shelf Life, 25, 100523. 

https://doi.org/10.1016/j.fpsl.2020.100523 

Alvarado, Y., Muro, C., Illescas, J., & Riera, F. (2019). Polymer nanoparticles for the release 

of complex molecules. In Materials for Biomedical Engineering (pp. 135–163). 

Elsevier. https://doi.org/10.1016/B978-0-12-818433-2.00005-4 

Anis, A., Pal, K., & Al-Zahrani, S. M. (2021). Essential oil-containing polysaccharide-based 

edible films and coatings for food security applications. Polymers, 13(4), 575. 

https://doi.org/10.3390/polym13040575 



 

61 

Annu, Ali, A., & Ahmed, S. (2021). Eco-friendly natural extract loaded antioxidative 

chitosan/polyvinyl alcohol based active films for food packaging. Heliyon, 7(3), 

e06550. https://doi.org/10.1016/j.heliyon.2021.e06550 

Appendini, P. & Hotchkiss, J. H. (2002). Review of antimicrobial food packaging. 

Innovative Food Science & Emerging Technologies, 3(2), 113–126. 

https://doi.org/10.1016/S1466-8564(02)00012-7 

Aslam, M., Kalyar, M. A., & Raza, Z. A. (2018). Polyvinyl alcohol: A review of research 

status and use of polyvinyl alcohol-based nanocomposites. Polymer Engineering & 

Science, 58(12), 2119–2132. https://doi.org/10.1002/pen.24855 

Atarés, L. & Chiralt, A. (2016). Essential oils as additives in biodegradable films and 

coatings for active food packaging. Trends in Food Science & Technology. 48, 51–62. 

Avérous, L., & Pollet, E. (Eds.). (2012). Environmental Silicate Nano-Biocomposites. 

Springer London. https://doi.org/10.1007/978-1-4471-4108-2 

Azlin-Hasim, S., Cruz-Romero, M. C., Morris, M. A., Cummins, E., & Kerry, J. P. (2018). 

Spray coating application for the development of nanocoated antimicrobial low-density 

polyethylene films to increase the shelf life of chicken breast fillets. Food Science and 

Technology International, 24(8), 688–698. 

https://doi.org/10.1177/1082013218789224 

Baghi, F., Gharsallaoui, A., Dumas, E., & Ghnimi, S. (2022). Advancements in 

Biodegradable Active Films for Food Packaging: Effects of Nano/Microcapsule 

Incorporation. Foods, 11(5), 760. https://doi.org/10.3390/foods11050760 

Bansal, M., Chauhan, G. S., Kaushik, A., & Sharma, A. (2016). Extraction and 

functionalization of bagasse cellulose nanofibres to Schiff-base based antimicrobial 

membranes. International Journal of Biological Macromolecules, 91, 887–894. 

https://doi.org/10.1016/j.ijbiomac.2016.06.045 



 

62 

Barros-Velazquez, J. (2016). Antimicrobial food packaging. Academic Press. 

https://doi.org/10.1016/C2013-0-18941-6 

Basnet, P., & Skalko-Basnet, N. (2011). Curcumin: An Anti-Inflammatory Molecule from 

a Curry Spice on the Path to Cancer Treatment. Molecules, 16(6), 4567–4598. 

https://doi.org/10.3390/molecules16064567 

Bhargava, N., Sharanagat, V. S., Mor, R. S., & Kumar, K. (2020). Active and intelligent 

biodegradable packaging films using food and food waste-derived bioactive 

compounds: A review. Trends in Food Science & Technology, 105, 385–401. 

https://doi.org/10.1016/j.tifs.2020.09.015 

Bhūtyā, R. K. (2011). Ayurvedic medicinal plants of India. Scientific Publishers (India). 

p.25-27. 

Bie, P., Liu, P., Yu, L., Li, X., Chen, L., & Xie, F. (2013). The properties of antimicrobial 

films derived from poly(lactic acid)/starch/chitosan blended matrix. Carbohydrate 

Polymers, 98(1), 959–966. https://doi.org/10.1016/j.carbpol.2013.07.004 

Bojorges, H., Ríos‐Corripio, M. A., Hernández‐Cázares, A. S., Hidalgo‐Contreras, J. V., & 

Contreras‐Oliva, A. (2020). Effect of the application of an edible film with turmeric 

(Curcuma longa L.) on the oxidative stability of meat. Food Science & Nutrition, 8(8), 

4308–4319. https://doi.org/10.1002/fsn3.1728 

Boor, K., & Fromm, H. (2006). Managing microbial spoilage in the dairy industry. In Food 

Spoilage Microorganisms (pp. 171–193). Elsevier. 

https://doi.org/10.1533/9781845691417.2.171 

Breukink, E., & de Kruijff, B. (2006). Lipid II as a target for antibiotics. Nature Reviews 

Drug Discovery, 5(4), 321–323. https://doi.org/10.1038/nrd2004 

Broek, L. A. M., Knoop, R. J. I., Kappen, F. H. J., & Boeriu, C. G. (2015). Chitosan films 

and blends for packaging material. Carbohydrate Polymers, 116, 237–242. 

https://doi.org/10.1016/j.carbpol.2014.07.039 



 

63 

Butnaru, E., Cheaburu, C. N., Yilmaz, O., Pricope, G. M., & Vasile, C. (2016). Poly(vinyl 

alcohol)/chitosan/montmorillonite nanocomposites for food packaging applications: 

Influence of montmorillonite content. High Performance Polymers, 28(10), 1124–

1138. https://doi.org/10.1177/0954008315617231 

Cesur, S., Köroğlu, C., & Yalçın, H. T. (2018). Antimicrobial and biodegradable food 

packaging applications of polycaprolactone/organo nanoclay/chitosan polymeric 

composite films. Journal of Vinyl and Additive Technology, 24(4), 376–387. 

https://doi.org/10.1002/vnl.21607 

Cha, D. S., & Chinnan, M. S. (2004). Biopolymer-Based Antimicrobial Packaging: A 

Review. Critical Reviews in Food Science and Nutrition, 44(4), 223–237. 

https://doi.org/10.1080/10408690490464276 

Chan, EricW. C., Tie, P., Soh, E., & Law, Y. (2011). Antioxidant and antibacterial properties 

of green, black, and herbal teas of Camellia sinensis. Pharmacognosy Research, 3(4), 

266. https://doi.org/10.4103/0974-8490.89748 

Chen, H., Zhang, M., Bhandari, B., & Yang, C. (2020). Novel pH-sensitive films containing 

curcumin and anthocyanins to monitor fish freshness. Food Hydrocolloids, 100, 

105438. https://doi.org/10.1016/j.foodhyd.2019.105438 

Ciriminna, R., & Pagliaro, M. (2020). Biodegradable and Compostable Plastics: A Critical 

Perspective on the Dawn of their Global Adoption. ChemistryOpen, 9(1), 8–13. 

https://doi.org/10.1002/open.201900272 

Coban, H. B. (2020). Organic acids as antimicrobial food agents: Applications and microbial 

productions. Bioprocess and Biosystems Engineering, 43(4), 569–591. 

https://doi.org/10.1007/s00449-019-02256-w 

Coma, V. (2008). Bioactive packaging technologies for extended shelf life of meat-based 

products. Meat Science, 78(1–2), 90–103. 

https://doi.org/10.1016/j.meatsci.2007.07.035 



 

64 

Cui, H., Bai, M., Rashed, M. M. A., & Lin, L. (2018). The antibacterial activity of clove 

oil/chitosan nanoparticles embedded gelatin nanofibers against Escherichia coli 

O157:H7 biofilms on cucumber. International Journal of Food Microbiology, 266, 69–

78. https://doi.org/10.1016/j.ijfoodmicro.2017.11.019 

Cui, H., Wu, J., Li, C., & Lin, L. (2017). Improving anti-listeria activity of cheese packaging 

via nanofiber containing nisin-loaded nanoparticles. LWT - Food Science and 

Technology, 81, 233–242. 

Cui, H., Zhao, C., & Lin, L. (2015). The specific antibacterial activity of liposome-

encapsulated Clove oil and its application in tofu. Food Control, 56, 128–134. 

https://doi.org/10.1016/j.foodcont.2015.03.026 

Dainelli, D., Gontard, N., Spyropoulos, D., Zondervan-van den Beuken, E., & Tobback, P. 

(2008). Active and intelligent food packaging: Legal aspects and safety concerns. 

Trends in Food Science & Technology, 19, S103–S112. 

Das, J., Manchur, M. A., Emran, T. & Uddin, M. F. (2012). Antioxidant, cytotoxic and 

phytochemical properties of the ethanol extract of Saraca indica leaf. Journal of 

Pharmacy Research. 05. 5530-5533. 

de Arauz, L. J., Jozala, A. F., Mazzola, P. G., & Penna, T. C. V. (2009). Nisin 

biotechnological production and application: A review. Trends in Food Science & 

Technology, 20(3-4), 146–154. https://doi.org/10.1016/j.tifs.2009.01.056 

de Oliveira, T. V., de Freitas, P. A. V., Pola, C. C., da Silva, J. O. R., Diaz, L. D. A., Ferreira, 

S. O., & Soares, N. de F. F. (2020). Development and optimization of antimicrobial 

active films produced with a reinforced and compatibilized biodegradable polymers. 

Food Packaging and Shelf Life, 24, 100459. https://doi.org/10.1016/j.fpsl.2019.100459 

de Torre, M. P., Cavero, R. Y., Calvo, M. I., & Vizmanos, J. L. (2019). A Simple and a 

Reliable Method to Quantify Antioxidant Activity In Vivo. Antioxidants, 8(5), 142. 

https://doi.org/10.3390/antiox8050142 



 

65 

DeMerlis, C. C., & Schoneker, D. R. (2003). Review of the oral toxicity of polyvinyl alcohol 

(PVA). Food and Chemical Toxicology, 41(3), 319–326. 

https://doi.org/10.1016/S0278-6915(02)00258-2 

Dhama, K., Rajagunalan, S., Chakraborty, S., Verma, A. K., Kumar, A., Tiwari, R., & 

Kapoor, S. (2013). Food-borne pathogens of animal origin-diagnosis, prevention, 

control, and their zoonotic significance: A review. Pakistan Journal of Biological 

Sciences, 16(20), 1076. http://dx.doi.org/10.3923/pjbs.2013.1076.1085 

Dhifi, W., Bellili, S., Jazi, S., Bahloul, N., & Mnif, W. (2016). Essential oils’ chemical 

characterization and investigation of some biological activities: A critical review. 

Medicines, 3(4), 25. https://doi.org/10.3390/medicines3040025 

Dima, J. B., Sequeiros, C., & Zaritzky, N. (2017). Chitosan from Marine Crustaceans: 

Production, Characterization and Applications. In E. A. Shalaby (Ed.), Biological 

Activities and Application of Marine Polysaccharides. InTech. 

https://doi.org/10.5772/65258 

Doyle, M. E. (2007). Microbial food spoilage – losses and control strategies; a brief review 

of literature. Food Research Institute, University of Wisconsin-Madison, pp. 1 – 16. 

Essel, T., Koomson, A., Seniagya, M.-P., Cobbold, G., Kwofie, S., Asimeng, B., Arthur, P., 

Awandare, G., & Tiburu, E. (2018). Chitosan Composites Synthesized Using Acetic 

Acid and Tetraethylorthosilicate Respond Differently to Methylene Blue Adsorption. 

Polymers, 10(5), 466. https://doi.org/10.3390/polym10050466 

Faccia, M., Gambacorta, G., Natrella, G., & Caponio, F. (2019). Shelf life extension of 

Italian mozzarella by use of calcium lactate buffered brine. Food Control, 100, 287–

291. https://doi.org/10.1016/j.foodcont.2019.02.002 

Falleh, H., Ben Jemaa, M., Saada, M., & Ksouri, R. (2020). Essential oils: A promising eco-

friendly food preservative. Food Chemistry, 330, 127268. 

https://doi.org/10.1016/j.foodchem.2020.127268 



 

66 

FAO. (2014). Appropriate food packaging solutions for developing countries. Rome. 

Retrieved from http://www.fao.org/docrep/015/mb061e/mb061e00.pdf 

Fu, Y., & Dudley, E. G. (2021). Antimicrobial‐coated films as food packaging: A review. 

Comprehensive Reviews in Food Science and Food Safety, 20(4), 3404–3437. 

https://doi.org/10.1111/1541-4337.12769 

Fu, Y., Sarkar, P., Bhunia, A. K., & Yao, Y. (2016). Delivery systems of antimicrobial 

compounds to food. Trends in Food Science & Technology, 57, 165–177. 

https://doi.org/10.1016/j.tifs.2016.09.013 

Gaaz, T., Sulong, A., Akhtar, M., Kadhum, A., Mohamad, A., & Al-Amiery, A. (2015). 

Properties and applications of polyvinyl alcohol, halloysite nanotubes and their 

nanocomposites. Molecules, 20(12), 22833–22847. 

https://doi.org/10.3390/molecules201219884 

Garcia, C. V., Shin, G. H., & Kim, J. T. (2018). Metal oxide-based nanocomposites in food 

packaging: Applications, migration, and regulations. Trends in Food Science & 

Technology, 82, 21–31. https://doi.org/10.1016/j.tifs.2018.09.021 

Giannakas, A., Vlacha, M., Salmas, C., Leontiou, A., Katapodis, P., Stamatis, H., Barkoula, 

N.-M., & Ladavos, A. (2016). Preparation, characterization, mechanical, barrier and 

antimicrobial properties of chitosan/PVOH/clay nanocomposites. Carbohydrate 

Polymers, 140, 408–415. https://doi.org/10.1016/j.carbpol.2015.12.072 

Griffiths, S. W. (2007). PVA and the environment. Available at 

 http://eliteanglingproducts.com/PVAEnvironment.asp 

Guo, M., Jin, T. Z., Yadav, M. P., & Yang, R. (2015). Antimicrobial property and 

microstructure of micro-emulsion edible composite films against Listeria. International 

Journal of Food Microbiology, 208, 58–64. 

https://doi.org/10.1016/j.ijfoodmicro.2015.03.018 



 

67 

Hermann, B. G., Blok, K., & Patel, M. K. (2007). Producing Bio-Based Bulk Chemicals 

Using Industrial Biotechnology Saves Energy and Combats Climate Change. 

Environmental Science & Technology, 41(22), 7915–7921. 

https://doi.org/10.1021/es062559q 

Hiremani, V. D., Khanapure, S., Gasti, T., Goudar, N., Vootla, S. K., Masti, S. P., Malabadi, 

R. B., Mudigoudra, B. S., & Chougale, R. B. (2021). Preparation and physicochemical 

assessment of bioactive films based on chitosan and starchy powder of white turmeric 

rhizomes (Curcuma zedoaria) for green packaging applications. International Journal 

of Biological macromolecules, 193, 2192–2201. 

https://doi.org/10.1016/j.ijbiomac.2021.11.050 

Hussain, S., Rahman, R., Mushtaq, A. & El Zerey-Belaskri, A. (2017). Clove: A review of 

a precious species with multiple uses. International Journal of Chemical and 

Biochemical Sciences, 11, 129-133. 

Hyldgaard, M., Mygind, T., & Meyer, R. L. (2012). Essential oils in food preservation: mode 

of action, synergies, and interactions with food matrix components. Frontiers in 

Microbiology, 3, 12. https://doi.org/10.3389/fmicb.2012.00012 

Irkin, R., & Esmer, O. K. (2015). Novel food packaging systems with natural antimicrobial 

agents. Journal of Food Science and Technology, 52(10), 6095–6111. 

https://doi.org/10.1007/s13197-015-1780-9 

Jahan, F., Mathad, R. D., & Farheen, S. (2016). Effect of mechanical strength on chitosan-

PVA blend through ionic crosslinking for food packaging application. Materials 

Today: Proceedings, 3(10), 3689–3696. https://doi.org/10.1016/j.matpr.2016.11.014 

Jeevahan, J., & Chandrasekaran, M. (2019). Nanoedible films for food packaging: A review. 

Journal of Materials Science, 54(19), 12290–12318. https://doi.org/10.1007/s10853-

019-03742-y 



 

68 

Jin, Q., & Kirk, M. F. (2018). pH as a primary control in environmental microbiology: 1. 

Thermodynamic Perspective. Frontiers in Environmental Science, 6, 21. 

https://doi.org/10.3389/fenvs.2018.00021 

Kanatt, S. R., Rao, M. S., Chawla, S. P., & Sharma, A. (2012). Active chitosan–polyvinyl 

alcohol films with natural extracts. Food Hydrocolloids, 29(2), 290–297. 

https://doi.org/10.1016/j.foodhyd.2012.03.005 

Kaya, M., Khadem, S., Cakmak, Y. S., Mujtaba, M., Ilk, S., Akyuz, L., Salaberria, A. M., 

Labidi, J., Abdulqadir, A. H., & Deligöz, E. (2018). Antioxidative and antimicrobial 

edible chitosan films blended with stem, leaf and seed extracts of Pistacia terebinthus 

for active food packaging. RSC Advances, 8(8), 3941–3950. 

https://doi.org/10.1039/C7RA12070B 

Khan, A., Salmieri, S., Fraschini, C., Bouchard, J., Riedl, B., & Lacroix, M. (2014). Genipin 

cross-linked nanocomposite films for the immobilization of antimicrobial agent. ACS 

Applied Materials & Interfaces, 6(17), 15232–15242. 

https://doi.org/10.1021/am503564m 

Khaneghah, A. M., Hashemi, S. M. B., & Limbo, S. (2018). Antimicrobial agents and 

packaging systems in antimicrobial active food packaging: An overview of approaches 

and interactions. Food and Bioproducts Processing, 111, 1–19. 

https://doi.org/10.1016/j.fbp.2018.05.001 

Khezrian, A., & Shahbazi, Y. (2018). Application of nanocompostie chitosan and 

carboxymethyl cellulose films containing natural preservative compounds in minced 

camel’s meat. International Journal of Biological Macromolecules, 106, 1146–1158. 

https://doi.org/10.1016/j.ijbiomac.2017.08.117 

Khoo, W. S., Ismail, H., & Ariffin, A. (2013). Tensile, swelling, and oxidative degradation 

properties of crosslinked polyvinyl alcohol/chitosan/halloysite nanotube composites. 



 

69 

International Journal of Polymeric Materials, 62(7), 390–396. 

https://doi.org/10.1080/00914037.2012.719133 

Kim, C., Wilkins, K., Bowers, M., Wynn, C. & Ndegwa, E. (2018). Influence of pH and 

temperature on growth characteristics of leading foodborne pathogens in a laboratory 

medium and select food beverages. Austin Food Sciences, 3(1): 1031. 

Kohsari, I., Shariatinia, Z., & Pourmortazavi, S. M. (2016). Antibacterial electrospun 

chitosan-polyethylene oxide nanocomposite mats containing ZIF-8 nanoparticles. 

International Journal of Biological Macromolecules, 91, 778–788. 

https://doi.org/10.1016/j.ijbiomac.2016.06.039 

Konuk Takma, D., & Korel, F. (2019). Active packaging films as a carrier of black cumin 

essential oil: Development and effect on quality and shelf-life of chicken breast meat. 

Food Packaging and Shelf Life, 19, 210–217. 

https://doi.org/10.1016/j.fpsl.2018.11.002 

Kopčilová, M., Hubáčková, J., Růžička, J., Dvořáčková, M., Julinová, M., Koutný, M., 

Tomalová, M., Alexy, P., Bugaj, P., & Filip, J. (2013). Biodegradability and 

Mechanical Properties of Poly(vinyl alcohol)-Based Blend Plastics Prepared Through 

Extrusion Method. Journal of Polymers and the Environment, 21(1), 88–94. 

https://doi.org/10.1007/s10924-012-0520-8 

Kotha, R. R., & Luthria, D. L. (2019). Curcumin: Biological, Pharmaceutical, Nutraceutical, 

and Analytical Aspects. Molecules, 24(16), 2930. 

https://doi.org/10.3390/molecules24162930 

Kuplennik, N., Tchoudakov, R., Zelas, Z. B. B., Sadovski, A., Fishman, A., & Narkis, M. 

(2015). Antimicrobial packaging based on linear low-density polyethylene 

compounded with potassium sorbate. LWT-Food Science and Technology, 62(1), 278–

286. https://doi.org/10.1016/j.lwt.2015.01.002 



 

70 

Kwiecien, S., Magierowski, M., Majka, J., Ptak-Belowska, A., Wojcik, D., Sliwowski, Z., 

Magierowska, K., & Brzozowski, T. (2019). Curcumin: A Potent Protectant against 

Esophageal and Gastric Disorders. International Journal of Molecular Sciences, 20(6), 

1477. https://doi.org/10.3390/ijms20061477 

Lamminmäki, T. T., Kettle, J. P., Puukko, P. J. T., & Gane, P. A. C. (2011). Absorption 

Capability and Inkjet Ink Colorant Penetration into Binders Commonly Used in 

Pigmented Paper Coatings. Industrial & Engineering Chemistry Research, 50(6), 

3287–3294. https://doi.org/10.1021/ie102178x 

Lan, W., Wang, S., Chen, M., Sameen, D. E., Lee, K., & Liu, Y. (2020). Developing 

poly(vinyl alcohol)/chitosan films incorporate with d-limonene: Study of structural, 

antibacterial, and fruit preservation properties. International Journal of Biological 

Macromolecules, 145, 722–732. https://doi.org/10.1016/j.ijbiomac.2019.12.230 

Lebreton, L., Egger, M., & Slat, B. (2019). A global mass budget for positively buoyant 

macroplastic debris in the ocean. Scientific Reports, 9(1), 12922. 

https://doi.org/10.1038/s41598-019-49413-5 

Lee, K. T. (2010). Quality and safety aspects of meat products as affected by various 

physical manipulations of packaging materials. Meat Science, 86(1), 138–150. 

https://doi.org/10.1016/j.meatsci.2010.04.035 

Li, F., Biagioni, P., Finazzi, M., Tavazzi, S., & Piergiovanni, L. (2013). Tunable green 

oxygen barrier through layer-by-layer self-assembly of chitosan and cellulose 

nanocrystals. Carbohydrate Polymers, 92(2), 2128–2134. 

https://doi.org/10.1016/j.carbpol.2012.11.091 

Lin, L., Gu, Y., & Cui, H. (2019). Moringa oil/chitosan nanoparticles embedded gelatin 

nanofibers for food packaging against Listeria monocytogenes and Staphylococcus 

aureus on cheese. Food Packaging and Shelf Life, 19, 86–93. 

https://doi.org/10.1016/j.fpsl.2018.12.005 



 

71 

Lindström, T., & Österberg, F. (2020). Evolution of biobased and nanotechnology 

packaging – a review. Nordic Pulp & Paper Research Journal, 35(4), 491–515. 

https://doi.org/10.1515/npprj-2020-0042 

Liu, B., Zhang, J., & Guo, H. (2022). Research Progress of Polyvinyl Alcohol Water-

Resistant Film Materials. Membranes, 12(3), 347. 

https://doi.org/10.3390/membranes12030347 

Liu, J., Wang, H., Wang, P., Guo, M., Jiang, S., Li, X., & Jiang, S. (2018). Films based on 

κ-carrageenan incorporated with curcumin for freshness monitoring. Food 

Hydrocolloids, 83, 134–142. https://doi.org/10.1016/j.foodhyd.2018.05.012 

López-Malo, A., & Alzamora, S. M. (2015). Water activity and microorganism control: Past 

and future. In G. F. Gutiérrez-López, L. Alamilla-Beltrán, M. del Pilar Buera, J. Welti-

Chanes, E. Parada-Arias, & G. V. Barbosa-Cánovas (Eds.), Water Stress in Biological, 

Chemical, Pharmaceutical and Food Systems (pp. 245–262). Springer New York. 

https://doi.org/10.1007/978-1-4939-2578-0_18 

López-Mata, M., Ruiz-Cruz, S., Silva-Beltrán, N., Ornelas-Paz, J., Zamudio-Flores, P., & 

Burruel-Ibarra, S. (2013). Physicochemical, Antimicrobial and Antioxidant Properties 

of Chitosan Films Incorporated with Carvacrol. Molecules, 18(11), 13735–13753. 

https://doi.org/10.3390/molecules181113735 

Malhotra, B., Keshwani, A., & Kharkwal, H. (2015). Antimicrobial food packaging: 

potential and pitfalls. Frontiers in Microbiology, 6, 611. 

https://doi.org/10.3389/fmicb.2015.00611 

Marcuzzo, E., Peressini, D., & Sensidoni, A. (2013). Shelf Life of short ripened soft Cheese 

Stored under Various Packaging Conditions: Innovative Packaging for Short Ripened 

Soft Cheese. Journal of Food Processing and Preservation, 37(6), 1094–1102. 

https://doi.org/10.1111/j.1745-4549.2012.00810.x 



 

72 

McGlynn, W. (n.d). The importance of food pH in commercial canning operations. In: Food 

technology fact sheet, adding value to Oklahoma. Robert M. Kerr Food & Agricultural 

Products Center, Oklahoma Cooperative Extension Service, Division of Agricultural 

Sciences and Natural Resources. Available at https://extension.okstate.edu/fact-

sheets/print-publications/fapc-food-and-agricultural-products-center/the-importance-

of-food-ph-in-commercial-canning-operations-fapc-118.pdf 

Mittal, M., Gupta, N., Parashar, P., Mehra, V. & Khatri, M. (2014). Phytochemical 

evaluation and pharmacological activity of Syzygium aromaticum: a comprehensive 

review. International Journal of Pharmarcy and Pharmaceutical Sciences. 6(8): 67-

72. 

Mohammadkhani, G., Kumar Ramamoorthy, S., Adolfsson, K. H., Mahboubi, A., 

Hakkarainen, M., & Zamani, A. (2021). New solvent and coagulating agent for 

development of chitosan fibers by wet spinning. Polymers, 13(13), 2121. 

https://doi.org/10.3390/polym13132121 

Mulla, M., Ahmed, J., Al-Attar, H., Castro-Aguirre, E., Arfat, Y. A., & Auras, R. (2017). 

Antimicrobial efficacy of clove essential oil infused into chemically modified LLDPE 

film for chicken meat packaging. Food Control, 73, 663–671. 

https://doi.org/10.1016/j.foodcont.2016.09.018 

Muriel-Galet, V., Talbert, J. N., Hernandez-Munoz, P., Gavara, R., & Goddard, J. M. (2013). 

Covalent Immobilization of Lysozyme on Ethylene Vinyl Alcohol Films for 

Nonmigrating Antimicrobial Packaging Applications. Journal of Agricultural and 

Food Chemistry, 61(27), 6720–6727. https://doi.org/10.1021/jf401818u 

Nair, K. P. (2019). Turmeric (Curcuma longa L.) and Ginger (Zingiber officinale Rosc.) - 

World’s Invaluable Medicinal Spices: The Agronomy and Economy of Turmeric and 

Ginger. Springer International Publishing. https://doi.org/10.1007/978-3-030-29189-1 



 

73 

Narasagoudr, S. S., Hegde, V. G., Vanjeri, V. N., Chougale, R. B., & Masti, S. P. (2020). 

Ethyl vanillin incorporated chitosan/poly(vinyl alcohol) active films for food 

packaging applications. Carbohydrate Polymers, 236, 116049. 

https://doi.org/10.1016/j.carbpol.2020.116049 

Nisar, T., Yang, X., Alim, A., Iqbal, M., Wang, Z.-C., & Guo, Y. (2019). Physicochemical 

responses and microbiological changes of bream (Megalobrama ambycephala) to 

pectin-based coatings enriched with clove essential oil during refrigeration. 

International Journal of Biological Macromolecules, 124, 1156–1166. 

https://doi.org/10.1016/j.ijbiomac.2018.12.005 

Ojagh, S. M., Rezaei, M., Razavi, S. H., & Hosseini, S. M. H. (2010). Effect of chitosan 

coatings enriched with cinnamon oil on the quality of refrigerated rainbow trout. Food 

Chemistry, 120(1), 193–198. https://doi.org/10.1016/j.foodchem.2009.10.006 

Oliveira Filho, J. G. de, Bertolo, M. R. V., Rodrigues, M. Á. V., Marangon, C. A., Silva, G. 

da C., Odoni, F. C. A., & Egea, M. B. (2021). Curcumin: A multifunctional molecule 

for the development of smart and active biodegradable polymer-based films. Trends in 

Food Science & Technology, 118, 840–849. https://doi.org/10.1016/j.tifs.2021.11.005 

Olsmats, C. & Wallteg, B. (2009). Packaging is the answer to world hunger. World 

Packaging Organization (WPO) and International Packaging Press Organization 

(IPPO). Available at 

https://www.packworld.com/issues/sustainability/news/13344905/packaging-is-the-

answer-to-world-hunger 

Pal, A. K., & Katiyar, V. (2016). Nanoamphiphilic chitosan dispersed poly(lactic acid) 

bionanocomposite films with improved thermal, mechanical, and gas barrier properties. 

Biomacromolecules, 17(8), 2603–2618. https://doi.org/10.1021/acs.biomac.6b00619 

Pancholi, V., Smina, T. P., Kunnumakkara, A. B., Maliakel, B., & Krishnakumar, I. M. 

(2021). Safety assessment of a highly bioavailable curcumin-galactomannoside 



 

74 

complex (CurQfen) in healthy volunteers, with a special reference to the recent 

hepatotoxic reports of curcumin supplements: A 90-days prospective study. Toxicology 

Reports, 8, 1255–1264. https://doi.org/10.1016/j.toxrep.2021.06.008 

Pawar, H. (2014). Phytochemical evaluation and curcumin content determination of 

turmeric rhizomes collected from Bhandara district of Maharashtra (India). Medicinal 

Chemistry, 4(8), 588-591. https://doi.org/10.4172/2161-0444.1000198 

Pawar, P. A., & Purwar, A. H. (2013). Biodegradable polymers in food packaging. American 

Journal of Engineering Research, 2(5), 151-164. 

Peng, Y., & Li, Y. (2014). Combined effects of two kinds of essential oils on physical, 

mechanical, and structural properties of chitosan films. Food Hydrocolloids, 36, 287–

293. https://doi.org/10.1016/j.foodhyd.2013.10.013 

Peng, Y., Wu, Y. and Li, Y. 2013. Development of tea extracts and chitosan composite films 

for active packaging materials. International Journal of Biological Macromolecules, 

59: 282-289. 

Pereira, V. A., de Arruda, I. N. Q., & Stefani, R. (2015). Active chitosan/PVA films with 

anthocyanins from Brassica oleraceae (Red Cabbage) as Time–Temperature Indicators 

for application in intelligent food packaging. Food Hydrocolloids, 43, 180–188. 

https://doi.org/10.1016/j.foodhyd.2014.05.014 

Petrou, S., Tsiraki, M., Giatrakou, V., & Savvaidis, I. N. (2012). Chitosan dipping or oregano 

oil treatments, singly or combined on modified atmosphere packaged chicken breast 

meat. International Journal of Food Microbiology, 156(3), 264–271. 

https://doi.org/10.1016/j.ijfoodmicro.2012.04.002 

Pokhrel, S., Lach, R., Grellmann, W., Wutzler, A., Lebek, W., Godehard, R., Yadav, P. N., 

Adhikari, R. (2016). Synthesis of chitosan from prawn shells and characterization of its 

structural and antimicrobial properties. Nepal Journal of Science and Technology, 

17(1): 5–9. 



 

75 

Poverenov, E., Danino, S., Horev, B., Granit, R., Vinokur, Y., & Rodov, V. (2014a). Layer-

by-Layer Electrostatic Deposition of Edible Coating on Fresh Cut Melon Model: 

Anticipated and Unexpected Effects of Alginate–Chitosan Combination. Food and 

Bioprocess Technology, 7(5), 1424–1432. https://doi.org/10.1007/s11947-013-1134-4 

Poverenov, E., Zaitsev, Y., Arnon, H., Granit, R., Alkalai-Tuvia, S., Perzelan, Y., Weinberg, 

T., & Fallik, E. (2014). Effects of a composite chitosan–gelatin edible coating on 

postharvest quality and storability of red bell peppers. Postharvest Biology and 

Technology, 96, 106–109. https://doi.org/10.1016/j.postharvbio.2014.05.015 

Prasad, S., & Aggarwal, B. B. (2011). Turmeric, the golden spice: From traditional medicine 

to modern medicine. In I. F. F. Benzie & S. Wachtel-Galor (Eds.), Herbal Medicine: 

Biomolecular and Clinical Aspects (2nd ed.). CRC Press/Taylor & Francis. 

http://www.ncbi.nlm.nih.gov/books/NBK92752/ 

properties of Alpinia galanga, Curcuma longa, and Etlingera elatior (Zingiberaceae). 

Pharmacognosy Journal, 3(22), 54–61. https://doi.org/10.5530/PJ.2011.22.11 

Qin, Y., Liu, D., Wu, Y., Yuan, M., Li, L., & Yang, J. (2015). Effect of 

PLA/PCL/cinnamaldehyde antimicrobial packaging on physicochemical and microbial 

quality of button mushroom (Agaricus bisporus). Postharvest Biology and Technology, 

99, 73–79. https://doi.org/10.1016/j.postharvbio.2014.07.018 

Rai, P., Mehrotra, S., Priya, S., Gnansounou, E., & Sharma, S. K. (2021). Recent advances 

in the sustainable design and applications of biodegradable polymers. Bioresource 

Technology, 325, 124739. https://doi.org/10.1016/j.biortech.2021.124739 

RameshKumar, S., Shaiju, P., O’Connor, K. E., & P, R. B. (2020). Bio-based and 

biodegradable polymers—State-of-the-art, challenges, and emerging trends. Current 

Opinion in Green and Sustainable Chemistry, 21, 75–81. 

https://doi.org/10.1016/j.cogsc.2019.12.005 



 

76 

Rao, P. V. & Gan, S. H. (2014). Cinnamon: A Multifaceted Medicinal Plant. Evidence-Based 

Complementary and Alternative Medicine, 2014, 1–12. 

https://doi.org/10.1155/2014/642942 

Rather, A. H., Wani, T. U., Khan, R. S., Pant, B., Park, M., & Sheikh, F. A. (2021). Prospects 

of polymeric nanofibers loaded with essential oils for biomedical and food-packaging 

applications. International Journal of Molecular Sciences, 22(8), 4017. 

https://doi.org/10.3390/ijms22084017 

Rathore, S., Mukim, M., Sharma, P., Devi, S., Nagar, J. C. & Khalid, M. (2020). Curcumin: 

A review for health benefits. International Journal of Research and Review, 7(1): 273-

290. 

Reddy, P. L., Deshmukh, K., Chidambaram, K., Ali, M. M. N., Sadasivuni, K. K., Kumar, 

Y. R., Lakshmipathy, R., & Pasha, S. K. K. (2019). Dielectric properties of polyvinyl 

alcohol (PVA) nanocomposites filled with green synthesized zinc sulphide (ZnS) 

nanoparticles. Journal of Materials Science: Materials in Electronics, 30(5), 4676–

4687. https://doi.org/10.1007/s10854-019-00761-y 

Salehi, B., Zucca, P., Sharifi-Rad, M., Pezzani, R., Rajabi, S., Setzer, W. N., Varoni, E. M., 

Iriti, M., Kobarfard, F., & Sharifi-Rad, J. (2018). Phytotherapeutics in cancer invasion 

and metastasis. Phytotherapy Research, 32(8), 1425–1449. 

https://doi.org/10.1002/ptr.6087 

Sambudi, N. S., Kim, M. G., & Park, S. B. (2016). The formation of web-like connection 

among electrospun chitosan/PVA fiber network by the reinforcement of ellipsoidal 

calcium carbonate. Materials Science and Engineering: C, 60, 518–525. 

https://doi.org/10.1016/j.msec.2015.11.079 

Sampath, U., Ching, Y., Chuah, C., Sabariah, J., & Lin, P. C. (2016). Fabrication of porous 

materials from natural/synthetic biopolymers and their composites. Materials, 9(12), 

991. https://doi.org/10.3390/ma9120991 



 

77 

Sanchez-Gonzalez, L., Vargas, M., Gonzalez-Martinez, C., Chiralt, A., & Chafer, M. (2011). 

Use of essential oils in bioactive edible coatings. Food Engineering Reviews, 3(1), 1–

16. 

Sankhalkar, S., & Vernekar, V. (2016). Quantitative and Qualitative analysis of Phenolic 

and Flavonoid content in Moringa oleifera Lam and Ocimum tenuiflorum L. 

Pharmacognosy Research, 8(1), 16. https://doi.org/10.4103/0974-8490.171095 

Shan, B., Cai, Y. Z., Sun, M., & Corke, H. (2005). Antioxidant Capacity of 26 Spice Extracts 

and Characterization of Their Phenolic Constituents. Journal of Agricultural and Food 

Chemistry, 53(20), 7749–7759. https://doi.org/10.1021/jf051513y 

Shankar, S., & Rhim, J.-W. (2018). Bionanocomposite films for food packaging 

applications. In Reference Module in Food Science (p. B9780081005965218000). 

Elsevier. https://doi.org/10.1016/B978-0-08-100596-5.21875-1 

Shapi’i, R. A., Othman, S. H., Nordin, N., Kadir Basha, R., & Nazli Naim, M. (2020). 

Antimicrobial properties of starch films incorporated with chitosan nanoparticles: In 

vitro and in vivo evaluation. Carbohydrate Polymers, 230, 115602. 

https://doi.org/10.1016/j.carbpol.2019.115602 

Sharma, N., Purkait, M.K., 2017. Impact of synthesized amino alcohol plasticizer on the 

morphology and hydrophilicity of polysulfone ultrafiltration membrane. J. Membr. Sci. 

522, 202–215. 

Singha, A. S., Priya, B., & Pathania, D. (2015). Cornstarch/Poly(vinyl alcohol) 

Biocomposite Blend Films: Mechanical properties, thermal behavior, fire retardancy, 

and antibacterial activity. International Journal of Polymer Analysis and 

Characterization, 20(4), 357–366. https://doi.org/10.1080/1023666X.2015.1018491 

Souza, V., Pires, J., Vieira, É., Coelhoso, I., Duarte, M., & Fernando, A. (2018). Shelf life 

assessment of fresh poultry meat packaged in novel bionanocomposite of 



 

78 

chitosan/montmorillonite incorporated with ginger essential oil. Coatings, 8(5), 177. 

https://doi.org/10.3390/coatings8050177 

Soysal, Ç., Bozkurt, H., Dirican, E., Güçlü, M., Bozhüyük, E. D., Uslu, A. E., & Kaya, S. 

(2015). Effect of antimicrobial packaging on physicochemical and microbial quality of 

chicken drumsticks. Food Control, 54, 294–299. 

https://doi.org/10.1016/j.foodcont.2015.02.009 

Suganthi, S., Vignesh, S., Kalyana Sundar, J., & Raj, V. (2020). Fabrication of PVA polymer 

films with improved antibacterial activity by fine-tuning via organic acids for food 

packaging applications. Applied Water Science, 10(4), 100. 

https://doi.org/10.1007/s13201-020-1162-y 

Sundaram, J., Pant, J., Goudie, M. J., Mani, S., & Handa, H. (2016). Antimicrobial and 

physicochemical characterization of biodegradable, nitric oxide-releasing 

nanocellulose–chitosan packaging membranes. Journal of Agricultural and Food 

Chemistry, 64(25), 5260–5266. https://doi.org/10.1021/acs.jafc.6b01936 

Talari, A. C. S., Martinez, M. A. G., Movasaghi, Z., Rehman, S., & Rehman, I. U. (2016). 

Advances in Fourier transform infrared (FTIR) spectroscopy of biological tissues. 

Applied Spectroscopy Reviews, 52(5), 456–506. 

Tan, B. K., Ching, Y. C., Poh, S. C., Luqman, C. A. & Gan, S.N. (2015). Review of natural 

fiber reinforced poly(vinyl alcohol) based composites: Application and Opportunity. 

Polymers, 7, 2205–2222. 

Tanase, E. E., Popa, E. M., Rapa, M., Popa, O., & Popa, I. V. (2016). Biodegradation study 

of some food packaging biopolymers based on PVA. Bulletin of University of 

Agricultural Sciences and Veterinary Medicine Cluj-Napoca. Animal Science and 

Biotechnologies, 73(1), 89–94. https://doi.org/10.15835/buasvmcn-asb:11948 



 

79 

Tang, X., & Alavi, S. (2011). Recent advances in starch, polyvinyl alcohol-based polymer 

blends, nanocomposites, and their biodegradability. Carbohydrate Polymers, 85(1), 7–

16. https://doi.org/10.1016/j.carbpol.2011.01.030 

Tripathi, S., Mehrotra, G. K., & Dutta, P. K. (2009). Physicochemical and bioactivity of 

cross-linked chitosan–PVA film for food packaging applications. International Journal 

of Biological Macromolecules, 45(4), 372–376. 

https://doi.org/10.1016/j.ijbiomac.2009.07.006 

Tung, Y. T., Yen, P. L., Lin, C. Y., & Chang, S. T. (2010). Anti-inflammatory activities of 

essential oils and their constituents from different provenances of indigenous cinnamon 

(Cinnamomum osmophloeum) leaves. Pharmaceutical Biology, 48(10), 1130–1136. 

https://doi.org/10.3109/13880200903527728 

Tzortzakis, N. G. (2009). Impact of cinnamon oil-enrichment on microbial spoilage of fresh 

produce. Innovative Food Science and Emerging Technologies, 10, 97–102. 

Unalan, I., Endlein, S. J., Slavik, B., Buettner, A., Goldmann, W. H., Detsch, R., & 

Boccaccini, A. R. (2019). Evaluation of Electrospun Poly(ε-Caprolactone)/Gelatin 

Nanofiber Mats Containing Clove Essential Oil for Antibacterial Wound Dressing. 

Pharmaceutics, 11(11), 570. https://doi.org/10.3390/pharmaceutics11110570 

UNEP/GRID-Arendal. (2010). Rapid Response Assessments: The Environmental Food 

Crisis (World food supply- food from animal feed). Available at 

http://www.grida.no/publications/rr/food-crisis/page/3565.aspx 

Uz, M. (2009). Preparation of controlled release antimicrobial food packaging materials, 

Master of science thesis, Izmir Institute of Technology, Biotechnology, Izmir. 

Valencia-Chamorro, S. A., Palou, L., del Rio, M. A., & Pérez-Gago, M. B. (2011). 

Antimicrobial edible films and coatings for fresh and minimally processed fruits and 

vegetables: a review. Critical Reviews in Food Science and Nutrition, 51(9), 872–900. 

https://doi.org/10.1080/10408398.2010.485705 



 

80 

Valizadeh, S., Naseri, M., Babaei, S., Hosseini, S. M. H., & Imani, A. (2019). Development 

of bioactive composite films from chitosan and carboxymethyl cellulose using 

glutaraldehyde, cinnamon essential oil and oleic acid. International Journal of 

Biological Macromolecules, 134, 604–612. 

https://doi.org/10.1016/j.ijbiomac.2019.05.071 

Wang, H., Qian, J., & Ding, F. (2018). Emerging Chitosan-Based Films for Food Packaging 

Applications. Journal of Agricultural and Food Chemistry, 66(2), 395 413. 

https://doi.org/10.1021/acs.jafc.7b04528 

Wang, H., Zhang, R., Zhang, H., Jiang, S., Liu, H., Sun, M., & Jiang, S. (2015). Kinetics 

and functional effectiveness of nisin loaded antimicrobial packaging film based on 

chitosan/poly(vinyl alcohol). Carbohydrate Polymers, 127, 64–71. 

https://doi.org/10.1016/j.carbpol.2015.03.058 

Wang, K., Hazra, R.S.; Ma, Q.; Jiang, L.; Liu, Z.; Zhang, Y.; Wang, S.; Han, G. (2022). 

Multifunctional silk fibroin/PVA bio-nanocomposite films containing TEMPO-

oxidized bacterial cellulose nanofibers and silver nanoparticles. Cellulose. 29, 1647–

1666. 

Wen, L., Liang, Y., Lin, Z., Xie, D., Zheng, Z., Xu, C., & Lin, B. (2021). Design of 

multifunctional food packaging films based on carboxymethyl chitosan/polyvinyl 

alcohol crosslinked network by using citric acid as crosslinker. Polymer, 230, 124048. 

https://doi.org/10.1016/j.polymer.2021.124048 

Wojnowska-Baryła, I., Kulikowska, D., & Bernat, K. (2020). Effect of Bio-Based Products 

on Waste Management. Sustainability, 12(5), 2088. 

https://doi.org/10.3390/su12052088 

Yang, W., Owczarek, J. S., Fortunati, E., Kozanecki, M., Mazzaglia, A., Balestra, G. M., 

Kenny, J. M., Torre, L., & Puglia, D. (2016). Antioxidant and antibacterial lignin 



 

81 

nanoparticles in polyvinyl alcohol/chitosan films for active packaging. Industrial Crops 

and Products, 94, 800–811. https://doi.org/10.1016/j.indcrop.2016.09.061 

Yashaswini M., & Iyer, P. (2019). Chitosan Based Films Incorporated with 

Turmeric/Clove/Ginger Essential Oil for Food Packaging. Journal of Nanomedicine & 

Nanotechnology, 10(5). https://doi.org/10.35248/2157-7439.19.10.537 

Yeh, H. F., Luo, C. Y., Lin, C. Y., Cheng, S. S., Hsu, Y. R., & Chang, S. T. (2013). Methods 

for thermal stability enhancement of leaf essential oils and their main constituents from 

indigenous cinnamon (Cinnamomum osmophloeum). Journal of Agricultural and Food 

Chemistry, 61(26), 6293–6298. https://doi.org/10.1021/jf401536y 

Younes, I., & Rinaudo, M. (2015). Chitin and Chitosan Preparation from Marine Sources. 

Structure, Properties and Applications. Marine Drugs, 13(3), 1133–1174. 

https://doi.org/10.3390/md13031133 

Zakaria, Z., Izzah, Z., Jawaid, M., and Hassan, A. (2012). Effect of degree of deacetylation 

of chitosan on thermal stability and compatibility of chitosan-polyamide 

blend. BioResources. 7(4), 5568-5580. 

Zhang, X., Xiao, G., Wang, Y., Zhao, Y., Su, H., & Tan, T. (2017). Preparation of chitosan-

TiO2 composite film with efficient antimicrobial activities under visible light for food 

packaging applications. Carbohydrate Polymers, 169, 101–107. 

https://doi.org/10.1016/j.carbpol.2017.03.073 

Zhang, Y., Zhang, M., & Yang, H. (2015). Postharvest chitosan-g-salicylic acid application 

alleviates chilling injury and preserves cucumber fruit quality during cold storage. Food 

Chemistry, 174, 558–563. https://doi.org/10.1016/j.foodchem.2014.11.106 

Zheng, Q., Cai, Z., & Gong, S. (2014). Green synthesis of polyvinyl alcohol (PVA)–

cellulose nanofibril (CNF) hybrid aerogels and their use as superabsorbents. Journal of 

Materials Chemistry A, 2(9), 3110–3118. https://doi.org/10.1039/C3TA14642A 



 

82 

Zhou, Q. (2008). Degradation of polylactic acid in the presence of microsize and nanosize 

fillers. ProQuest, UMI Dissertations Publishing. 

https://digitalcommons.njit.edu/dissertations/883 

Zou, G. X., Jin, P. Q., & Xin, L. Z. (2008). Extruded Starch/PVA Composites: Water 

Resistance, Thermal Properties, and Morphology. Journal of Elastomers & Plastics, 

40(4), 303–316. https://doi.org/10.1177/0095244307085787 

 

 

 

 

 

 

 


	Development of Enhanced Food Packaging Systems based on Blends of Bio-Based and Biodegradable Polymers Exhibiting Antimicrobial Properties
	Recommended Citation
	APA Citation
	MLA Citation


	Microsoft Word - Aishat_Aderayo_Agboluaje_Thesis.

