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Biodegradable antimicrobial polymeric nano-composite films for packaging 

2.1 Introduction  

Packaging is used to protect food materials by isolating them from external 

influences [1]. It is an essential and integral part of food processing and preservation [2]. 

A good packaging material must be safe to the consumer and convenient to produce and 

dispose of in an eco-friendly manner. Several  technologies have been used till date to 

manufacture good packaging materials [3]. Plastics are widely used for packaging 

purposes. The unique functionality of the conventional plastics, their low cost and 

weight are the major reasons for their extensive application [4]. But, the discarded 

plastic packaging and containers have raised issues of environmental pollution due to 

their non-biodegradable nature. The biodegradable takeaway food containers and plastic 

bags are being used these days as a substitute, but these degrade completely only when 

subjected to a harsh thermal treatment above 50 °C [5]. 

Recent research reports point to an alarming condition of the presence of micro-

plastics and nano-particles of plastics (5µm to 1nm) in the natural river and marine 

ecosystems generated by the weathering of macro-plastics [6]. The micro-plastics can 

easily enter the human food chain from aqueous ecosystem either through fish, seafood, 

marine biota, plastic food wrappings, and beverages packed in plastic bottles. It has 

been reported that micro-plastics can pass across the gastrointestinal tract and may 

accumulate in the other vital organs such as liver, brain and other tissues of the aquatic 

species. It can also affect the organisms’ central nervous and reproductive systems [7,8]. 

The presence of micro-plastics in aquatic animals have been ascertained through 

https://www.sciencedirect.com/topics/medicine-and-dentistry/reproductive-system
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laboratory feeding studies using non-commercial fish species [6,8,9]. Some researchers 

have also pointed out that the micro-plastics have already entered into the food chain, 

and the day is not far away when it can be found in human body [8]. It is already 

detected in the stool of individuals who largely depend on seafood [6]. More research is 

still needed to assess the potential danger of micro-plastics to human beings. 

In view of the above, biodegradable packaging materials as a replacement for 

plastic packaging is the need of the day. The biodegradable materials which have been 

tested so far normally suffer from the limitations of hydrophilicity and crystallinity, 

which negatively influence their wide application [10]. Several additives have been used 

to improve these and other properties. Zhang et al. used glycerol, polyethylene glycol, 

and sorbitol as plasticisers to enhance the flexibility, elasticity, water vapour barrier, 

moisture resistance, mechanical strength and optical properties of the biodegradable 

packaging materials [11]. Bio-based packaging materials derived from renewable 

resources offer several environmental benefits such as biodegradability and nontoxicity. 

Some eco-friendly, active packaging materials and bio-plastics having excellent 

mechanical properties have already been used and reported to enhance the shelf-life of 

the packaged food items [1].  

2.1.1 Bio-plastics  

The mounting plastic waste and spread of micro-plastics have attracted the 

attention of policymakers and researchers towards development of eco-friendly bio-

based polymers as alternative packaging materials. Bio-plastics degrade naturally under 

appropriate aerobic conditions of moisture and temperature without producing any toxic 

residue. Depending on the type and origin of the polymer, some of the bio-polymers 
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degrade in a few weeks, whereas synthetic polymers take years [12]. In countries where 

the primary method of waste management is landfill, the use of biodegradable polymer 

packaging materials is the most promising. The bio-plastics derived from natural 

polymers such as cellulose, starch, chitosan, agar, and proteins such as casein are being 

considered as viable alternatives [13]. These may be utilized as eco-friendly food 

packaging material in increasingly large amount in coming years. 

2.1.2 Food packaging 

Increasing consumers demand for healthy and safe food items free from 

synthetic chemicals and preservatives has become one of the prime concerns for food 

manufacturers and food businesses. Role of packaging has become very important as it 

provides a medium for decreasing post-processing contamination and assures food 

safety during marketing. By definition, the primary function of food packaging is to 

separate the food items from the surrounding environment, preventing or minimizing 

exposure to factors responsible for spoilage including microorganisms, humidity, 

oxygen and temperature to retain or extend the quality of nutrition along with the shelf-

life of perishable food products. Moreover, packaging makes an important contribution 

to the consumer convenience, communication with consumers, marketability and 

acceptability of the packed products [14]. 

2.1.3 Foodborne pathogens  

One of the major hindrances in assuring global food security is the microbial 

contamination of food which leads to spoilage and food wastage and the growth of 

pathogenic microorganisms [15]. Pathogenic microorganisms, such as Toxoplasma 

gondii, Campylobacter species, Salmonella species, Staphylococcus aureus, Yersinia 
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enterocolitica, Escherichia coli, and Listeria monocytogenes grow primarily on food 

surface and lead to food spoilage and deterioration [13]. These microorganisms are one 

of the critical reasons for illnesses, hospitalization, and even deaths of humans. 

Foodborne diseases cost billions of dollars annually for immediate medical care. Nearly 

one-fourth of this expenditure is due to foodborne illness linked with the use of 

contaminated processed, canned and fresh products. In the food market, normally, the 

proliferation of pathogens occurs on the packaging and external surface of foods as 

these are the most exposed surfaces. As per the data of the Center for Disease Control 

and Prevention (CDCP) of USA, bacterially contaminated food causes over 3000 deaths 

and 48 million illnesses in the United States alone [16].  

Traditional methods of food preservation, such as drying, salting, heating, 

freezing, and fermentation are used to extend the shelf-life of food products but are not 

sufficient to inhibit the growth of pathogenic microorganisms that may endanger 

consumers' health, hence effective packaging becomes vital [15]. Improvements and 

advancements in the effectiveness of packaging materials and techniques can help to 

prevent foodborne pathogens and reduce wastage.  

2.1.4 Antimicrobial packaging  

In recent years antimicrobial packaging has attracted the attention of the food 

industry and consumers for packaging minimally processed food. It comprises 

techniques such as antimicrobial coatings, modified atmosphere packaging or active 

packaging films/materials containing natural antimicrobials, nanomaterials, nano-

composites etc. as antimicrobial agents to control growth and reduce activities of 

microbes [14]. In antimicrobial coatings, edible natural antimicrobial agents are sprayed 
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on the food to reduce moisture loss during storage, spoilage and growth of pathogenic 

microorganism on the surface of food products, the rate of rancidity causing lipid 

oxidation and brown colouration, and loss of volatile flavour [15]. Usually, the coatings 

lack the practical functionality due to rapid diffusion of antimicrobial agents and 

reactions with the food  to affect the taste of food negatively [14]. Antimicrobial agents 

carrying polymeric films are more efficient in interacting actively with the surface in 

contact to prevent foodborne microbial growth and slow the diffusion of antimicrobial 

agents, thereby ensuring the effective presence of adequate antimicrobials on the packed 

food surface [13]. The primary goals of a bio-polymeric antimicrobial packaging system 

are; assurance of food safety, maintenance of food quality and the product shelf-life 

enhancement in an eco-friendly way.  

2.1.4.1 Chitosan (CH) as antimicrobial packaging  

Chitosan (CH) has emerged as a promising bio-polymeric material for 

antimicrobial packaging in the food industry. CH is a polysaccharide of N-acetyl D-

glucosamine and D-glucosamine units, mainly obtained by the partial deacetylation of 

chitin. CH is the soluble form of chitin and has been extensively used in various 

industrial applications including biodegradable packaging and food preservation 

[14,17,18]. CH possess several desired characteristics such as, biodegradability, non-

toxicity, biocompatibility, film-forming ability, economical as well as abundant natural 

availability to be a bio-polymer of choice [16]. CH is primarily a by-product of 

crustacean fish and seafood processing and handling industries. CH possess the ability 

to easily form bio-composites with numerous natural and synthetic antimicrobials 

materials, antioxidants, and nanomaterials having the potential of shelf-life extension of 

fruits, vegetables, meat and fish products [14].  
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Poor barrier moisture and mechanical properties and shorter shelf-life compared 

to conventional food packaging materials are the major limitations of natural bio-based 

materials. The incorporation of different nanomaterials in the matrix of bio-based 

polymers can improve the quality of packaging materials by altering their properties. 

Incorporation of nanomaterials in the film provide a viable solution for enhancing the 

antimicrobial activity, therefore preventing foodborne pathogens [16]. Bio-

nanocomposite films with biodegradable and antimicrobial properties have the potential 

to solve the issues of both plastic waste and food products spoilage [2]. Sometimes 

metallic nanoparticles are used in nano-composites to enhance the desired 

characteristics. 

2.1.4.2 Silver nanoparticles (AgNPs) as antimicrobial material  

Silver nanoparticles (AgNPs) are the most widely used nanoparticles due to the 

ease of their preparation in the pure form [19]. The AgNPs share more than 50% of the 

global market of nanomaterial-based consumer products [20] and have already been 

approved by the regulatory agencies for use in various applications requiring direct 

human contact [21,22]. Their unique antimicrobial, electronic, optical, and magnetic 

properties have resulted in their application in several diverse fields such as biomedical 

sensors [19,23], antimicrobial products [24], food packaging materials [25], fabrics, 

bandages [26], catalysis [27], optoelectronics and photonics [28] and pharmaceuticals 

[29]. Figure 2.1 depicts the share of AgNPs in various commercial products. 
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Figure 2.1: AgNPs utilization in commercial products [20] 

The unique properties of AgNPs depend mainly on their shape and size. 

However, the variation in their size and size distribution is the most significant hurdle in 

the synthesis and application of AgNPs [30]. Thus, there is a need to explore new eco-

friendly methods for AgNPs synthesis, having the possibility of large scale production 

of monodispersed AgNPs. Size regulation is crucial to utilize the antimicrobial activity 

of AgNPs in packaging films as the antimicrobial efficacy of AgNPs depends on the 

size [29]. The  AgNPs as such or embedded within different polymeric materials have 

been used for developing antimicrobial films using different materials for applications 

such as antifouling membranes [31], packaging [13], wound dressing [32] etc. The 

current focus is on the development of active biocompatible polymer-AgNPs films with 

antimicrobial property to permit the diffusion of some active ingredient to the applied 
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site. Attempts have been made for developing active food packaging materials, which 

not only protect the food material from bacterial infection but also protect their flavor 

and nutritional value [33]. Antimicrobial nanofibrous composite films have also been 

used against foodborne pathogens. The green synthesised AgNPs have been used 

previously and are reported to be safe for antimicrobial packaging [34]. 

2.1.5 Electrospinning 

The electrospinning technique is a simple technique for large scale production of 

non-woven fibers of nanoscale diameter with large surface area to volume ratio. 

Electrospinning assembly can be modified and arranged in different ways for combining 

materials in composites to obtain different morphological structures. Electrospun fibers 

play a significant role in biomedical applications like tissue engineering, drug release, 

wound dressing, and food packaging [35–37]. Nano-fibers produced via electrospinning 

provide ease of functionalization for different purposes and have excellent mechanical 

properties making them suitable for use in active packaging due to high surface to 

volume ratio. 

2.1.6 Packaging of perishable meat products 

Packaging of the food products like dairy and meat products which got easily 

contaminated is very challenging. Available reports indicate that 22-33% of the meat 

produced gets spoiled and wasted at various stages of processing and distribution. Low 

shelf-life and improper packaging of meat products is the primary reason for spoilage 

[38]. Growth in the demand for packaged meat products has led the researchers to 

search for the solutions to increasing the shelf-life of meat products.  
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In this study, the leaf extract of Ocimum tenuiflorum (Tulsi plant), a common 

household medicinal herb has been used for the biosynthesis of AgNPs. The plant is 

rich in essential oils, mostly eugenol and is known to possess medicinal properties [39]. 

The colloidal AgNPs suspension has been solution cast to develop polyvinyl alcohol 

(PVA)-based active antimicrobial polymeric film for packaging. To enhance the 

antimicrobial property CH has been selected as the natural polymer additive to design 

an electrospun biodegradable antimicrobial fibrous composite nano-layer as an active 

packaging material for meat. The CH possesses the characteristic antimicrobial 

property, and this property get synergistically enhanced by incorporating AgNPs within 

its fibrous nano-layers [40]. The CH-based packaging film is an eco-friendly value-

added product that can be obtained from the processing of waste generated from the 

seafood processing industry [41]. The dispersion of active constituent over a limited 

surface area of conventional packaging films will reduce the effectiveness of the active 

film packaging. The electrospun fibrous nano-layers prepared and used in this work 

provide a very large surface area and high effectiveness due to its nano-scale diameter 

[42]. The PVA has been used to improve the electrospinning behaviour, elastic nature 

and enhance the strength. PVA is also biodegradable both under aerobic and anaerobic 

environmental conditions [43].  

The antimicrobial property of the new biodegradable packaging film and nano-

layers has been tested against Gram-negative Escherichia coli (E. coli) and Gram-

positive Listeria monocytogens (L. monocytogenes) bacteria. L. monocytogenesis a 

foodborne pathogenic bacterium which usually grows in meat and is responsible for 

highly fatal disease listeriosis. E. coli, on the other hand, is the most common pathogen 

found in the gastrointestinal tract of human and a typical foodborne pathogen. 



Chapter 2   Biodegradable antimicrobial polymeric films for packaging 

 

Indian Institute of Technology (BHU), Varanasi                                                                         24  

2.2 Literature review 

Traditionally packaging materials are derived from non-renewable fossil fuels. 

Internationally plastic production during 2015 climbed up to 322 M tons out of which a 

total of 49 M plastic tons was used for food packaging [12]. Around 30% of the plastic 

waste had filled lands [44]. Considering this, plastic recycling has become a motivating 

factor in decreasing the accumulation of environmental plastic waste and gradually 

replacing synthetic packaging materials with biopolymers [16]. 

Although with the increase in demand, extensive research efforts have been 

made with emphasis on enhancing the biodegradable nature of packaging films, their 

mechanical, thermal and physical features. But the reported information are still 

unsatisfactory and are often impractical to be used in industrial applications [2]. A 

summary of advantages and disadvantages of bio-based packaging is given in Table 2.1. 

Table 2.1: The advantages and disadvantages of bio-based packaging [16] 

Advantages of bio-based polymers Disadvantages of bio-based polymers 

Bio-based polymers can decrease 

carbon dioxide and greenhouse gas 

emission levels 

May produce methane in landfills under 

anaerobic conditions 

Complete degradation and 

decomposition occur by natural 

microbes in specific condition 

Require the weather co-operation for 

degradation and herbicides and pesticides not 

taken in consideration 

Energy efficient with least waste 

generation during the manufacturing 

cycle 

Low durability of polymers matrices in the long 

run 

Save petroleum consumption for 

other needs 

Expensive 

Could create new export industries & 

marketing platform 

No proper safety guidelines for nano-

composites 
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Non-chemical process, comparatively 

safe for the operators.  

Requires moderate operator skill and 

engineering support. Bio-based polymers must 

follow a precise disposal procedure. 

 

2.2.1 Biodegradation of plastic/polymer 

Biodegradable plastics are often considered as a feasible solution to the plastic 

related ecological issues.  Degradation which refers to polymer deterioration from 

abiotic reactions, like hydrolysis, oxidation, and photo-oxidation is a crucial step in the 

biodegradation [45,46]. Biodegradation occurs when the polymer fragments in the 

presence of appropriate enzymes in aerobic or anaerobic conditions that can ultimately 

convert the residuals into benign products, like carbon dioxide, methane, nitrogen, and 

water [46]. Plastics degradation in the environment takes place through different 

processes as shown in Figure 2.2.  These include:  

(1) Biodeterioration: Microorganisms form biofilms and deteriorate the substrate 

surface into smaller sizes, like micro-plastics, through biological, chemical and physical 

means.  

(2) Depolymerization: Microorganisms release extracellular enzymes to depolymerize 

the substrate for further biodegradation.  

(3) Bioassimilation: Small molecules are consumed as metabolites by cells whereas 

toxic chemicals may get adsorbed on these micro-plastics to bioaccumulate then result 

in the transmission of pathogens that may have attached unto the micro-plastics or 

ingestion of the toxic chemicals adsorbed on the micro-plastics [47].  
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(4) Mineralization: Degradable molecules are converted into benign products, such as 

carbon dioxide, nitrogen, methane, and water depending upon the temperature, relative 

humidity, oxygen levels, and population and diversity of microorganisms.  

 

 

Figure 2.2: The fate of plastics in the aquatic environment [47] 

2.2.2 Antimicrobial packaging  

Antimicrobial packaging is an emerging technology proposed for shelf-life 

extension, ensures food safety and preserves quality of products. Many natural 

antimicrobial compounds have been evaluated as additives in film structures, synthetic 

polymers, and edibles [15]. Natural antimicrobials are mainly obtained from animals, 

plants, and microbes, hence these are natural, biocompatible, biodegradable and have 

low toxicity [14]. The most commonly used and commercially available natural 

antimicrobial packaging materials with their applications are listed in Table 2.2. 
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Table 2.2: Natural antimicrobial agents used in food packaging systems [15,48] 

Category  Antimicrobials Packaging 

materials* 

Target microorganisms 

O
rg

a
n

ic
 a

ci
d

s 

a. Benzoic acid LDPE Total bacteria  

b. Sorbates LDPE MC/chitosan 

Starch/glycerol 

Yeast, molds 

c. Sorbic anhydride PE Saccharomyces cerevisiae, 

molds 

E
n

zy
m

es
 

a. Lysozyme, Nisin, 

EDTA 

Zein E. coli, Lactobacillus 

plantarum 

b. Immobilized 

lysozyme 

PVOH, nylon, 

cellulose acetate 

Lysozyme activity test 

c. Glucose oxidase Fish  

B
a
ct

er
io

ci
n

s a. Nisin PE, HPMC Staphylococcus aureus 

b. Lauric acid Zein Migration test 

 

F
u

n
g
ic

id
es

 a. Benomyl Ionomer  

b. Imazalil LDPE, PE Molds 

 

P
o
ly

m
er

s 

a. Chitosan Chitosan/paper E. coli 

 

b. Chitosan, herb 

extract 

LDPE E. coli, Lb. plantarum, 

Fusarium oxysporum, S. 

cerevisiae 

 

c. UV/excimer laser 

irradiated nylon 

Nylon Enterococcus faecalis, S. 

aureus 
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N
a
tu

ra
l 

ex
tr

a
ct

 

a. Grapefruit seed 

extract 

LDPE, nylon Aerobes, coli-forms 

b. Clove extract  LDPE E. coli, Lb. plantarum, F. 

oxysporum, S. cerevisiae 

c. Eugenol, 

cinnamaldehyde 

Chitosan Enterobacter, lactic acid 

bacteria 

d. Horseradish extract Paper E. coli  

E
ss

en
ti

a
l 

o
il

s 

a. Clove essential oils Films Aspergillus niger, Bacillus 

coagulans, Bacillus cereus 

 

O
th

er
s 

a. Silver zeolite LDPE E. coli, S. aureus, S. 

cerevisiae, Salmonella 

typhimurium 

b. Antibiotics PE E. coli, S. aureus, S. 

cerevisiae, S. typhimurium 

 

* PE, polyethylene; HDPE, high-density polyethylene; LDPE, low-density polyethylene; 

HPMC, hydroxypropyl methylcellulose; MC, methylcellulose. 

 

2.2.2.1 Polymeric antimicrobial composites of CH and their blends 

CH itself has inherent good antimicrobial activities, however, to enhance its 

antimicrobial properties, natural antimicrobials and antimicrobial nanostructures (metal 

and metal oxide nanoparticles)  have been incorporated in the films [40]. It has been 

reported that CH, Zn
+
 and Ag

+ 
complex demonstrated increased antimicrobial activity in 

comparison to CH alone [49]. When implied in the nanoscale Mn
2+

, Zn
2+

, Cu
2+

, and Ag
+ 

improved the antibacterial activity considerably [14]. The list of natural antimicrobial 

compounds used in the CH-based composites for antimicrobial food packaging by 

different researchers is given in Table 2.3. 
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Table 2.3: Natural antimicrobial compounds used in the chitosan-based composite for 

antimicrobial food packaging [14]. 

Natural 

antimicrobial 

Composite composition Target 

microorganisms 

Food item(s) Ref. 

 

Agro-industrial 

residue (AR) 

extracts 

AR - 0.84% and 1.90% 

(v/v) and CH - 2% (w/v) 

Mesophilic and 

Psychrotrophic 

aerobic counts 

Chicken 

product 

[50] 

Apple peel 

polyphenols 

(APP) 

APP - 0.25 to 1.0% 

(w/w) and CH - 2% (w/ 

v) 

B. cereus, E. coli, 

S. typhimurium and 

S. aureus 

Food 

packaging 

[51] 

Apricot kernel 

essential oil 

(AKEO) 

AKEO- 0–1% (w/v) and 

CH- 2% (w/v) 

B. subtilis, E. coli, 

and fungi 

 

Sliced bread [52] 

 

Bamboo 

vinegar (BV) 

BV - 2% (v/v) CH - 2% 

(w/v) 

Lactic acid bacteria 

and P. aeruginosa 

Pork chops [11] 

 

Cinnamon 

essential 

oil(CEO) 

CEO - 10% (w/w) CH - 

1% (w/v)  

E. coli and S. 

aureus 

Food 

packaging 

[53] 

Custard apple 

leaves (CAL) 

CAL - 2/10 (w/v) and 

CH- 2.5% (w/v) 

Colletotrichum 

gloeosporioides 

Papaya fruit [54] 

Lemon 

essential oil 

(LEO) 

LEO - 3% (w/w) CH - 

1.0% (w/v) 

Fungus Strawberry 

fruits 

[55] 

Lysozyme Lysozyme in CH - 

2.75% (w/v) 

Mesophilic, 

Psychrotrophic, 

yeasts and molds 

Cheese [56] 

Melissa 

officinalis 

essential oil 

(MOEO) 

MOEO - 0.25 and 0.5% 

(w/v) CH -1.5% (w/v) 

E. coli Antimicrobial 

packaging 

film 

[57] 

Nisin (N) N - 0.2% (w/v) CH - 

1.5% (w/v)  

Lactobacillus 

species 

Mutton meat  [58] 
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N - 500 and 1000 ppm 

CH - 1.4% (w/v) 

L. monocytogenes Cheese [59] 

Oregano 

essential oil 

(OEO) 

OEO - 1.0% (v/v) 

Carboxymethylchitosan 

- 1.0% (w/v) 

L. monocytogenes Raw chicken 

meat fillets 

[60] 

Plum peel 

extract (PPE) 

PPE - 25% (w/w) and 

CH - 2% (w/v) 

E. coli, S. aureus, 

and L. 

monocytogenes 

Food 

packaging 

[61] 

Spirulina 

extract (SE) 

 

SE – 0 to 20% (w/v) and 

CH - 2% (w/v) 

 

E. coli, S. aureus, 

P. aeruginosa, L. 

monocytogenes, S. 

typhimurium, B. 

subtilis and B. 

cereus 

Food 

packaging 

[62] 

 

Thyme 

essential oil 

(TEO) 

TEO - 1.5% (w/v) CH - 

2% (w/v) 

Yeasts and molds  Mushroom [63] 

 

Bio-nanocomposites are novel, eco-friendly materials that are non-toxic and 

biodegradable. However, they have poor antimicrobial activity, mechanical properties, 

and low water resistance. Therefore, nanomaterials are employed to improve their 

antimicrobial activity, thermal, mechanical, and gas barrier properties while retaining 

the biodegradable and non-toxic characteristics [2,16]. 

2.2.2.2 Utilization of nanomaterials as antimicrobial agents in packaging 

Nano-materials (films, particles, rods and tubes) exhibit entirely different 

physico-chemical properties than the bulk form of parent material. This is primarily due 

to the large difference in the surface to volume ratio and difference in the nature of 

surface energy distribution that make them highly active [16]. The inorganic 

antimicrobial materials have higher thermal stability in comparison to the organic 
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materials. Metal oxide and metal nanoparticles both can bear the difficult processing 

situations [64]. Inorganic nanoparticles possess improved and novel biological 

characteristics because of their structure and size, less toxicity, specificity and 

selectivity in comparison to organic antibacterial agents [65]. Zinc oxide nanoparticles 

(ZnO-NPs) and titanium dioxide nanoparticles (TiO2-NPs) have also demonstrated 

successful antimicrobial activity against pathogens commonly found in food by 

generating reactive oxygen species (ROS) and reducing membrane integrity. These 

nanoparticles are also biocompatible with blood cells so they can be used as a defense 

against food pathogens [66]. As this work is directly concerned with the use of nano-

silver particles, the following pages present a relatively detailed account of properties 

and applications of nano-silver particles. 

2.2.2.3 Silver nanoparticles (AgNPs)  

Silver nanoparticles (Ag-NPs) display bactericidal characteristics against a broad 

variety of pathogenic microorganisms such as viruses, fungi, yeasts, and bacteria [67]. 

A greater volume to surface ratio of nanoparticle has resulted in increased exposure of 

the surface to microbes to act efficiently. Additionally, features such as phases, shape, 

and size play an important role in killing bacteria or their inactivation.  

The AgNPs are the most extensively used nanomaterials in commercial products 

ranging from biomaterials, composites, ceramics, food packaging, healthcare, etc. 

[20,68]. Like other nanomaterials, two general approaches for the synthesis of AgNPs 

are the "top-to-bottom" and "bottom-to-up" (Figure 2.3). In the top-to-bottom approach, 

a suitable bulk material is broken down into tiny particles of the nanoscale by reducing 

the size using various techniques like grinding, milling, sputtering and thermal/laser 
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ablation, etc. On the other hand, in the bottom-to-up approach, nanoparticles are 

synthesized using biological and chemical methods through self-assembly of atoms to 

new nuclei which grow into particles of nanoscale dimensions [69]. The conventional 

techniques for AgNPs synthesis employ hazardous and toxic reagents which are 

expensive and cause pollution. Generally, the methods for the synthesis of AgNPs can 

be classified into three different categories: (1) physical methods, (2) chemical methods, 

and (3) biological or green synthesis methods (Figure 2.3). Out of these, the green 

synthesis route is an eco-friendly way of AgNPs biosynthesis. The green synthesis of 

AgNPs can be achieved by utilizing a natural biotic entity such as (i) microorganisms 

like actinomycetes, bacteria and fungi, etc.; (ii) plant-products and their extracts; and 

(iii) biological templates like DNA, membranes, and viruses [70]. Active biomolecules 

of biotic origin, such as amino acids, enzymes, proteins, flavonoids, and terpenoids 

from several plants extract act as reducing and stabilizing agents during the synthesis of 

AgNPs through green route. Despite several economic and ecological advantages of 

green synthesis, regulating the polydispersity of the nanoparticles is still the major 

challenge. To counter this problem, a scientifically controlled reaction condition like 

optimum pH, temperature, incubation period, irradiation, redox conditions and salt 

concentration need to be maintained [71]. 
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Figure 2.3: Different approaches for the synthesis of AgNPs [69] 

The antimicrobial activity of AgNPs strongly depends upon the size, capping 

agent and environmental conditions (temperature, pH, ionic strength). Reported 

mechanisms behind the antimicrobial activity of AgNPs are: (i) generation of ROS [23]; 

(ii) bacterial protein denaturation by bond formation between silver ions and sulfhydryl 

groups interaction [72]; (iii) electrostatic attraction between positively charged 

nanoparticles and negatively charged bacterial cells causing severe damage to the 

bacterial membrane permeability leading to cell death [73]. AgNPs have already been 

reported to show antimicrobial activity against Bacillus cereus, Bacillus subtilis, 

Enterococcus faecalis, E. coli, Klebsiella pneumonia, Proteus mirabilis, Pseudomonas 

aeruginosa, Salmonella paratyphi, Salmonella typhi, Staphylococcus aureus, 

Streptococcus pyogens, Vibrio cholera etc. [74]. 
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2.2.2.4 Antimicrobial bio-nanocomposite films 

Kumar et al. (2020) demonstrated that incorporation of nanomaterials and 

phytochemicals into CH improve antimicrobial, mechanical and barrier properties of the 

fabricated films and coatings that lead to an improvement in food quality and shelf-life 

extension. Nanoparticles of silver, zinc oxides and titanium dioxide have been 

extensively used as the key candidates for the fabrication of CH nano-composites. CH 

matrices serve as carriers of active compounds such as nanomaterials, essential oil, fruit 

extracts, and other phytochemicals [14]. Table 2.4 presents a list of bio-nanocomposites 

with antimicrobial properties using different nanoparticles and nanofibers.
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Table 2.4: Use of bio-nanocomposite films in antimicrobial food packaging applications [16] 

Nanomaterials Composite materials Enhanced properties Inhibition of 

microorganisms 

Reference 

AgNPs PVA-Montmorillonite clay-

Ginger extract 

Antimicrobial activity, water resistivity, 

mechanical property, and light barrier 

ability. 

S. aureus, S. typhimurium [75] 

AgNPs Polyvinyl chloride Antimicrobial activity  B. subtilis, A. niger, F. solani [76] 

Aluminum-doped 

ZnONPs 

Polylactic acid High transparency and UV blocking 

property, antibacterial activity  

E. coli [77] 

CH-Gelatin NPs CH/Gelatin - Moringa oil  Antimicrobial activity and maintain 

surface sensory quality and colour of 

cheese 

S. aureus, L. monocytogenes [78] 

Graphene stacks CH - cinnamaldehyde coating Antifungal activity and increased 

mechanical properties 

Rhizopus stolonifer [79] 

Lignin NPs Cellulose - Polylactic acid Antimicrobial activity, optical 

transparency and UV light blocking 

capability  

P. aeruginosa [80] 

MgONPs Polylactic acid Bio-based, antimicrobial activity E. coli [81] 
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Nano-cellulose CH/Polylactic acid - Rosin 

coating 

Mechanical and antimicrobial property E. coli, B. subitilis [82] 

Polylactic acid 

nanofibers 

Cinnamon essential oil – β 

cyclodextrin complex 

Antimicrobial activity and thermal 

stability of essential oil 

E. coli, S. aureus [83] 

Silver-Copper NPs Fish skin gelatin  Mechanical strength, thermal stability and 

antibacterial activity  

L. monocytogenes, S. 

thyphimurium 

[84] 

TiO2NPs Polyvinyl alcohol-CH Antimicrobial coating, mechanical, water 

vapor and gas barrier property. 

E. coli, S. aureus, S. 

enterica, L. monocytogenes 

[85] 

 

ZnONPs CH/Cellulose/Acetate /Phthalate Barrier properties and thermal stability  E. coli, S. aureus [86] 

ZnONPs PVA / Starch Enhanced water barrier, mechanical and 

antimicrobial property 

S. typhimurium [87] 
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Meeting the demand and preferences of consumers, the innovative and novel 

packaging methods have given rise to bioactive, intelligent and active food packaging 

processes that are considered to be highly advanced [2]. These new technologies have 

made important contributions to the improvement of bioactivity, feasibility, safety, and 

quality of functional elements, as shown in Figure 2.4. 

 

Figure 2.4: Schematic diagram displaying the active nano-composite packaging 

concept [88] 

2.2.3 Nanofibrous packaging 

Majority of antimicrobial active packaging materials reported so far involve the 

dispersion of the active agent in carriers with limited surface areas for controlled release 
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of active molecules, such as polymeric films and sheets. But in nanofibers by virtue of 

their submicron to the nano-scale diameter and very large surface area this limitation 

can be overcome. The commonly used methods for nanofiber production are listed in 

Table 2.5. 

 

Table 2.5: Commonly used methods for nanofiber production [89] 

 

Method Description Advantages Disadvantages 

D
ra

w
in

g
 

The fabrication of fiber is done 

by contacting a previously 

collected polymer solution 

droplet with a sharp tip and 

then drawing it as a liquid 

fiber, which is further 

solidified by solvent 

evaporation. 

Simple process Limited amount of 

product, 

discontinuous 

process 

E
le

ct
ro

sp
in

n
in

g
 Nanofibers are produced in the 

one-step method from a 

viscoelastic solution of a 

polymer or its melt under 

applied high voltage. 

Unlimited length, 

simple and core-

shell nanofibers, 

great diversity of 

polymers and 

solvents used. 

Scale-up possible. 

High voltage, 

solvents required, 

numerous 

parameters affecting 

the process 

F
o
rc

e 
sp

in
n

in
g
 Fibers are produced using a 

very highly concentrated 

polymer solution or melt under 

applied centrifugal force. 

Free from high 

voltage, simple 

method, high 

production yield. 

Scale-up possible. 

Thermal 

degradation of 

melts, fibers are 

usually much 

thicker than 1 µm in 

diameter 
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P
h

a
se

 s
ep

a
ra

ti
o
n

 
Firstly, a gel is formed by 

cooling the polymer solution to 

the gelation temperature. 

Afterwards, the gel is 

immersed in distilled water for 

solvent exchange, followed by 

removal from the distilled 

water, blotting with filter 

paper, and transfer to freeze-

drying 

Simple, no special 

equipment required 

Numerous 

parameters, limited 

to a few polymers 

S
el

f-

a
ss

em
b

ly
 Amphiphilic molecules are 

used as basic building blocks 

that self-associate to produce 

nanofibers 

Suitable for 

production of very 

thin nanofibers 

Poor control over 

morphology and 

orientation of 

nanofibers 

T
em

p
la

te
 m

el
t 

ex
tr

u
si

o
n

 

The molten polymer is forced 

by an extruder screw through a 

mold or spinning die in the 

head of extrusion devices and 

then cooled to solidify. Anodic 

aluminium oxide membranes 

are used as a template. 

No need for 

solvents, 

homogenous fiber 

diameter 

Short length of 

fibers, time-

consuming 

T
em

p
la

te
 

sy
n

th
es

is
 Nanofibers are formed within 

the numerous cylindrical pores 

of a nonporous membrane.  

Aligned nanofibers, 

homogenous and 

easily controlled 

fiber 

Complex method 

 

2.2.3.1 Electrospinning as a method of choice in packaging 

Electrospinning is a versatile method to prepare continuous fibrous polymeric 

nonwoven layers that exhibit excellent properties such as large specific surface area, 

high molecular orientation and porosity [90]. Electrospinning takes place at ambient 

conditions so the electrospun fibers are suitable for encapsulating thermally-labile active 

agents as compared to the fibers made by the conventional melt spinning process. No 

requirement of heat in electrospinning is a key advantage over other encapsulation 

methods to incorporate and preserve the efficacy of bioactive substances during fibrous 



Chapter 2   Biodegradable antimicrobial polymeric films for packaging 

 

Indian Institute of Technology (BHU), Varanasi                                                                         40  

layer formation [90]. Considering the numerous advantages, electrospun nanofibers 

have been employed as a potential candidate for the fabrication of active food 

packaging materials (Figure 2.5).  

 

Figure 2.5: Packaging precursors for antimicrobial packaging in nanofibers 

The biggest challenge in electrospinning is the choice of safe, effective and 

economical solvent. Therefore water or other non-toxic solvents with environment 

friendly property are chosen to prepare fibrous food packaging films. During the 

electrospinning, the solvent gets evaporated, but for safety non-toxic solvents are used 

[91]. Some natural polymers cannot be directly electrospun into nanofibers, so it is 

crucial to select a suitable polymer blend, which is also a problem. Some industries 

already have begun large-scale production of nanofiber membranes, for example Jiangxi 

Xiancai Nanofibers Technology Co., Ltd in China produces electrospun polyimide 

fibrous membranes, yarns and short nanofibers [90]. The process of electrospinning 

depends on a number of parameters (solution, processing, and ambient), and these 

parameters affect the fiber morphology. A summary of different parameters and their 

influence on fiber diameter is given in Table 2.6. 
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Table 2.6: Electrospinning parameters (solution, processing, and ambient) and their 

effect on fiber morphology [35,36,92] 

Parameters Effect on fiber morphology 

Solution 

parameters 

 

Viscosity Low-bead generation, high-increase in fiber diameter, 

disappearance of beads 

Polymer 

concentration 

Increase in fiber diameter with increase in concentration 

Molecular weight of 

polymer 

Reduction in the number of beads and droplets with increase in 

molecular weight 

Conductivity Decrease in fiber diameter with an increase in conductivity 

Surface tension No conclusive link with fiber morphology, high surface tension 

results in instability of jets 

Processing 

parameters 

 

Applied voltage Decrease in fiber diameter with increase in voltage  

Distance between tip 

and collector 

Generation of beads with too small and too large distance, 

minimum distance required for uniform fibers 

Feed rate/Flow rate Decrease in fiber diameter with decrease in flow rate, generation 

of beads with too high flow rate 

Collector type Influence structural morphology of electrospun fibers. A non-

conductive collector creates a porous structure with circular 

pores on the fiber surfaces 

Ambient 

parameters 

 

Humidity High humidity results in circular pores on the fibers 

Temperature Increase in temperature results in decrease in fiber diameter 
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Figure 2.6: Functional electrospun and food packaging materials [90] 

 

Functional packaging materials like moisture absorbing [93], antioxidant 

releasing [94], antimicrobial and flavor or odor absorbing [95] are gradually evolving, 

and their demand is increasing day by day. Electrospun fibers offer several additional 

advantages in comparison to films and sheets. Fibrous layers are more responsive to the 

surrounding atmospheric changes (e.g., relative humidity, acidity and temperature 

changes) and could satisfy the requirements of designers and consumers for packaging 

materials. Therefore, the development of functional packaging materials based on 

electrospinning technology has become a hot field in the food packaging sector. In order 

to maintain the quality of food and extend its shelf-life, food packaging materials also 

need to have some functionality like biodegradability, super hydrophobic nature, edible 

coating materials, antibacterial materials and high barrier property (Figure 2.6). These 
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properties can be easily realized through electrospun fibrous nanolayers just by 

selecting suitable polymer, solvent and modifying design and parameters of 

electrospinning [36]. 

2.2.4 Regulation for using nanomaterials in food packaging 

Very little are known about the capabilities of nanomaterials as these are is still 

in their infancy stage. Due to lack of sufficient scientific evidence, it is impractical to 

make suggestions, regulations and legislation. Moreover, each nanomaterial is unique, 

and a specific case-by-case evaluation is needed [16]. 

World-wide the current legislation is extremely generic at the moment and 

requires extensive research and evaluation for specificity and risk assessment separately 

for each nanomaterial. Current FDA guidelines state that it does not consider all the 

products containing nanomaterials as dangerous [96]. The most detailed regulations on 

the use of nanomaterials for food applications has been implemented by the European 

Union to assist the industry in making safe and suitable choices of nanomaterials for 

their products [97]. The EU Commission Regulation (EC, 2011) reinforces the need to 

assess nanomaterials on case-by-case basis. Later in the regulations (EC, 2017, 2015, 

2016) an amendment mentioned regarding the details of nanomaterials that have been 

permitted for use in  plastic-based food packaging [16]. Some elements like aluminium 

oxide and TiO2 are also allowed as food additives or contact materials, though not in the 

nanoform. Nano-coatings are not included by any European legislation [2].  

Currently, even the term “nanoparticle” is defined differently by ISO (ISO/TS 

80004-2, 2015), American Society for Testing and Materials ASTM (ASTM E2456-06, 

2012) and IUPAC. It demonstrates that definitions and terms in the nanotechnology 
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field are still evolving. Some of the currently enforced ASTM standards for packaging 

include D5988-12 and D6691-09 for aerobic biodegradation of plastic materials in soil 

and natural marine environment, respectively. The ASTM standard D5526-12 holds 

good for anaerobic plastic biodegradation under accelerated landfill conditions [45]. 

2.3 Materials and methods  

2.3.1 Materials 

Medium molecular weight chitosan (CH) (viscosity- 200–800 cP, degree of 

deacetylation- 85%), polyvinyl alcohol (PVA) (Mol wt. 85000-124000), silver nitrate 

and glutaraldehyde were purchased from Sigma-Aldrich (Saint Louis, U.S.A.). Acetic 

acid and food-grade glycerol were purchased from Merck Life Science Pvt. Ltd., 

Mumbai, India. All these chemicals were used as received. 

2.3.2 Collection & processing for preparation of Ocimum tenuiflorum leaf extract 

Fresh green leaves of Ocimum tenuiflorum (O. tenuiflorum) were collected from 

the Botanical Garden of the Department of Botany, Banaras Hindu University, 

Varanasi, India. The leaves were washed thoroughly first with tap water to remove the 

externally adhered dust particles and then rinsed several times with double distilled 

water (DDW) prepared in the laboratory. Around 30 g of the filter-paper dried finely cut 

leaves of O. tenuiflorum were grinded using mortar and pestle then boiled in 100 ml of 

DDW for 20 min. The aqueous extract thus prepared was cooled and filtered through the 

Whatman filter paper no. 6. The filtrate was centrifuged twice at 10,000 rpm for 15 min, 

and the supernatant was collected and refrigerated at 4 ºC for further use. 
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2.3.3 Green synthesis of AgNPs via plant extract and Chitosan (CH) 

For the preparation of 10 mL of AgNPs suspension, 1 ml of silver nitrate 

(AgNO3) solution (1 mM) and 1 mL of the previously obtained aqueous leaf extract 

were mixed with 8 mL DDW at room temperature (28 ± 2 ºC) in separate test-tubes and 

placed in sunlight and UV-light chamber to get the light of the desired wavelength range 

for 2 to 6 hours. The UV-light source was a laboratory UV lamp (Philips TUV 

15W/G15 TB).  

In CH mediated green synthesis method for preparing AgNPs, 6.0% (w/v) of CH 

in 2.0% (v/v) aqueous acetic acid acts both as reducing and stabilising agent for the 

AgNPs biosynthesis. 0.5 mL of 1 mM AgNO3 solution was added to 100 mL of CH 

solution, and the mixture was kept under constant stirring at 95 °C for 6 h until the 

solution turned dark yellow marking the formation of AgNPs [98].  

The AgNPs suspensions thus prepared were further analyzed using UV-Visible 

spectrophotometer for AgNPs synthesis and the dynamic light scattering (DLS) device 

(Particulate Systems NanoPlus-3, Micromeritics, Norcross, USA.) for particle size 

determination. 

2.3.3.1 UV–Visible spectrophotometry 

The change in the spectral behaviour of the synthesised AgNPs was monitored 

in the wavelength range of 300–900 nm using a UV–Visible Spectrophotometer (Model 

2202, Systronics, Ahmedabad, India). The spectrum was observed for sample after 2 

and 6 h of the exposure to the light.  



Chapter 2   Biodegradable antimicrobial polymeric films for packaging 

 

Indian Institute of Technology (BHU), Varanasi                                                                         46  

The UV–Visible Spectrophotometer was also used to monitor the bacterial cell 

growth by measuring optical absorbance at 600 nm. 

2.3.4 Electrospinning solution 

2.3.4.1 Preparation of CH/PVA/AgNPs solution for electrospinning 

The 6.0% (w/v) of CH solution with AgNPs prepared before and 12.0% (w/v) of 

PVA solutions in 2.0 % (v/v) aqueous acetic acid were mixed with constant stirring for 

8 h. The PVA solution was heated to 70 °C with continuous stirring. Solutions having 

different proportions of PVA:CH (100:0, 90:10, 80:20, 70:30, 60:40, 50:50, 0:100) were 

prepared by mixing and properly homogenized. After complete homogenization, a clear 

transparent yellowish solution was obtained. This resultant solution was used for 

electrospinning to form the composite nano-layers as described below; 

2.3.4.2 Preparation of fibrous composite nano-layers (FCNLs) through 

electrospinning 

For electrospinning, 3 mL of above prepared solutions were taken in a 5 mL 

syringe. Electrospinning of pure PVA, CH and blended solutions was carried out using 

a horizontal electrospinning set up with a flat plate collector. The schematic diagram of 

electrospinning process and set-up is shown in Figure 2.7 and parameters are listed in 

Table 2.7. All the experiments were carried out at the ambient temperature of 23 ± 1 °C 

and relative humidity of 40-45%. The nanofibers collected on the collector plate were 

placed in glutaraldehyde fumes for 5 min and then left overnight to evaporate the 

solvent. 
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Figure 2.7: Schematic diagram of electrospinning process and set-up 

 

Table 2.7: Electrospinning parameters used for preparing PVA-based nano-layers 

Parameters Description 

Solvent system for Polymer (PVA)  2% aqueous acetic acid 

Co-solvent for CH & AgNPs 2% aqueous acetic acid 

Syringe A 5 mL syringe fitted with a 22G blunt-end 

needle 

Distance between needle and collector 12 cm 

Applied DC voltage 17-25 kV  (PVA 17 kV and CH or 

PVA/CH blend 25 kV) 

Solution Flow rate 0.5 mL/h 
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2.3.5 Preparation of composite polymeric film 

The solution casting method was employed for preparing AgNPs bearing 

polymeric films.  6% (w/v) PVA was dissolved in the 25 mL of the prepared colloidal 

suspension of AgNPs containing the plant extract. The mixture was then heated at 80˚C 

with continuous stirring until a homogenous solution was formed after the dissolution of 

PVA. The solution thus prepared was poured in a Petri plate and kept on flat surface at 

45˚C for 24 h to get a clear transparent film of uniform thickness. 

2.3.5.1 Diffusion of the active constituents 

The diffusion of AgNPs from the polymeric film was spectrophotometrically 

analyzed by placing a piece of polymeric film of known area (0.5×0.5 cm
2
) in a capped 

Eppendorf tube dipped in 1.5 ml DDW for 5, 10, 15, 20, 25, 30 min. After the desired 

period of incubation, the water sample was analyzed at 427 nm to estimate the release of 

AgNPs and 335 nm for the release of plant extract contents. All experiments were 

performed in triplicate. 

2.3.6 Physico-chemical characteristics  

2.3.6.1 Electrical conductivity 

The conductivity of the electrospinning solution was measured using a digital 

conductivity meter (Model-304, Systronics, Ahmedabad, India).  

2.3.6.2 Viscosity  

Viscosities of pure and blended solutions were measured using a rotating 

viscometer (DV-III
TM

 Ultra Rheometer, AMETEK, Brookfield, USA.). 
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2.3.6.3 Thickness 

The thickness of the fiber composite nano-layers (FCNLs) and polymeric film 

was measured using a digital micro-meter (Schut Geometrical Metrology, Groningen, 

Netherlands) up to the nearest 0.001 mm at six different locations. The values thus 

obtained were averaged.  

2.3.6.4 Solubility 

The solubility of the FCNLs and polymeric film in DDW was measured by 

immersing a small piece of known dimension (2cm x 2cm) in 50 mL of DDW in a Petri 

dish. The Petri dish was placed at ambient temperature (23 ± 1 °C) for 6 h. The samples 

were taken out and dried in the oven at 105 °C for 1h and weighed.  

2.3.6.5 Scanning Electron Microscopy (SEM) 

After 2 h of exposure of the mixture of aqueous leaf-extract and AgNO3 solution 

to the light, the unbound moieties from AgNPs and the colloidal nanoparticle solution 

were separated by centrifugation at 15000 rpm for 15 min, and the supernatant was 

discarded. The pellets of AgNPs thus obtained were re-dispersed in DDW and 

repeatedly centrifuged thrice. The supernatant was discarded, and the washed pellets 

were dried in a hot air oven at 80 ºC for 10 h. The dried AgNPs thus obtained was used 

for SEM analysis. 

The size and morphology of AgNPs and fiber diameter were analysed by using a 

scanning electron microscope (Quanta 200F, FEI, Tokyo, Japan) at an acceleration 

voltage of 10 kV for polymeric film and 20 kV and 4000X magnification for FCNLs. 
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ImageJ software was used to analyze the average size of the AgNPs and average 

diameter of the FCNLs.  

2.3.6.6 Zeta (ζ) potential and particle size distribution 

The Particulate Systems Nanoplus Particle Size/Zeta Potential analyser 

(Particulate Systems Nanoplus-3, Micromeritics, Norcross, USA.) was used to measure 

the zeta potential of the Tulsi plant extract and the synthesized colloidal AgNPs. The 

average particle size and size distribution was measured by the dynamic light scattering 

(DLS) method. 

2.3.7 Water contact angle (WCA)  

The WCA measurements were carried out to evaluate the hydrophilic or 

hydrophobic nature of the FCNLs and polymeric film surface. The WCA analysis in air 

was performed by the sessile drop test using a contact angle measuring drop shape 

analyzer (DSA25S, KRUSS, Hamburg, Germany). A drop of water (4 μL) was dropped 

on a piece of film (30 mm × 50 mm) placed over the movable stage leveled horizontally 

using an automatic micro-syringe and the static images for each surface were taken. 

Five replicates were taken and averaged per nano-layer to represent the mean water 

contact angle value of the FCNLs and polymeric film. 

2.3.8 Fourier transforms infrared (FTIR) spectroscopy 

The FTIR spectroscopic analysis was done to know the possible chemical 

interaction between various functional groups of active bio-molecules and polymer(s), 

the stability of the bio-molecules as well as the effect of electrospinning on the 

functional groups of constituents in nano-composites. Spectrum 100 spectrophotometer 
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(Perkin-Elmer, Shelton, USA) was used for scanning in the wavelength range of 4200-

650 cm
-1

. The FTIR spectra of the samples were obtained directly placing the sample in 

the sample holder at room temperature (~25 °C). 

2.3.9 X-ray diffraction (XRD) 

The XRD analysis was performed to study the degree of crystallinity of the 

nano-composites. The pattern for XRD was recorded in the 2θ range of 10-60° at a scan 

rate of 6° min
-1 

using the nickel filtered Cu Kα radiation source with a wavelength of 

0.154 nm (40 kV, 15 mA) in  the XRD unit (RigakuMiniflex 600 Desktop X-Ray 

Diffraction System, RIGAKU Corporation, Tokyo, Japan). The powder or thin sheet of 

nanofibrous samples were placed on the silica sample holder at room temperature (~25 

°C) and were scanned.  

2.3.10 Microbial analysis 

2.3.10.1 Culture media and microorganisms 

Tryptone soya broth (TSB), tryptic soya agar, nutrient agar, phosphate buffer 

saline (PBS), Luria Bertani (LB) broth, and LB agar were purchased from Himedia 

Laboratories Pvt. Ltd., Mumbai, India. The standard bacterial strains of Escherichia coli 

(ATCC 25922) (Gram-negative) and Listeria monocytogenes (ATCC 7644) (Gram-

positive) were obtained from the Institute of Medical Sciences, Banaras Hindu 

University, India used as the reference for the experimental purpose during the study. 

The E.coli was grown over the LB media, and L. monocytogenes on the tryptone soya 

media. The DDW rinsed and sterilized borosilicate glass-wares were used in these 

experiments. 
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2.3.10.2 In vitro antimicrobial activity 

The antimicrobial activity of the nanofibers was tested against the standard 

bacterial strains of E. coli and L. monocytogenes. The agar disc diffusion assay was 

used to analyse the antimicrobial activity of AgNPs colloidal solution, plant extract, 

polymeric film, FCNLs [99]. 100µL of the overnight grown bacterial cultures (1x10
7
 

cells/mL) were spread over the LB agar and tryptone soya agar plates and incubated for 

24 h at 37 ± 1 ºC, after placing the sterile pieces of composite films over the plates. 50 

µL of the colloidal solution of AgNPs from test tube was added to the wells (⁓7 mm 

diameter) created by back of sterile micropipette tips and incubated for 24 hours at 37 ± 

1 ºC. After incubation, bacterial growth and diameter of the inhibition zone were 

measured in millimeters (mm) after 24 h. 

2.3.11 Antimicrobial application of FCNLs for meat packaging 

The aseptically cut fresh meat pieces of goat were placed in a bacterial 

suspension of mixed culture of E. coli (1x10
3
 CFU/mL), and L. monocytogenes (1x10

3
 

CFU/mL) for 30 s and then excess of the liquid was drained and dried for 5 min in a 

sterile environment using the protocol adopted by Arkoun et al. [18]. The dried meat 

was then packaged in the fibrous nano-layer. The normal plastic packaging was used for 

the comparative study. The packaged samples were stored at 4 °C and observed 

periodically. After one week of storage, the samples were unwrapped and placed in the 

50 mL LB broth and shaken gently for 5 min. The meat piece was removed, and the 

broth was placed under observation for 24 h to monitor the bacterial growth. Microbial 

analysis was performed in triplicate, and average values were noted.  
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2.3.12 Raw Materials  

2.3.12.1 Chitosan 

Chitosan is a natural bio-polymer with intrinsic antimicrobial activity against 

various microorganisms [14]. Several mechanisms are proposed for antimicrobial 

activities, the most acceptable ones are ; 

 (i) Electrostatic interaction between negatively charged microbial cell membranes 

(carbonyl and phosphoryl groups of the phospholipid components) with positively 

charged amine groups in chitosan altering the membrane barrier properties leading to 

leakage of intracellular contents, and ultimately cell death [61].  

(ii) Chitosan is selectively chelated with metals, inhibiting various metabolic enzymes 

of microbial cells by blocking their active centers, and reducing microbial growth 

[14,100]. 

(iii) Antimicrobial action of chitosan depends on molecular weight and degree of 

deacetylation. 

  High molecular weight chitosan can form an impervious polymeric layer on the 

surface of the microbial cell altering the cell permeability and ultimately blocking the 

entry path of nutrients into the cell. On the other hand, low molecular weight chitosan 

could penetrate the cytosol, and bind with DNA, resulting in interference with 

transcription and translation leading to cell death [100] 
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2.3.12.2 Polyvinyl alcohol  

Polyvinyl alcohol (PVA) offers a wide range of advantages, because of its 

superior ability to form the film, completely synthetic water-soluble polymer, resistance 

to chemicals, semi-crystalline, good biodegradability and easy preparation [43]. PVA 

has significant physical characteristics because of its hydroxyl groups, which encourage 

the creation of hydrogen bonds [101]. PVA is used in numerous industries such as 

medicine and food, producing products such as food packaging materials, surgical 

threads, resins and lacquers. PVA is used as a coating material for different supplements 

of food and does not raise any concerns of safety [2]. For food package films, PVA has 

a wide range of significant features such as superior properties of forming a film, good 

stability and excellent hydrophilicity [43]. It is insoluble in organic solvents, less 

soluble in ethanol but soluble in water. PVA is appropriate to integrate with other 

polymers to enhance the barrier, thermal and physical properties because of its easy 

processability, good mechanical properties and polar character [75]. 

 

2.4 Results and Discussion 

2.4.1 Analysis of UV–Visible spectra  

The rapid change in the color of the leaf extract-AgNO3 colloidal solution due to 

the reduction of AgNO3 confirmed the formation of AgNPs. The color of the solution 

changed from light yellow to brownish-yellow and got intensified with time. The 

change in colour can be attributed to the reduction of Ag
+
 to Ag

0
 by various active bio-

molecules present in the Tulsi extract in the presence of light [102]. The absorption 
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spectra (Figure 2.8) reveals that the peaks of biosynthesized AgNPs are observed within 

the range of 420-430 nm (Figure 2.8a) due to surface plasmon resonance, a 

characteristic phenomenon of AgNPs after 2 and 6 h of sunlight exposure. The observed 

results are in agreement with the findings of Prathna and co-workers who used lemon 

extract for the synthesis of AgNPs and reported that the single absorption peak observed 

in the wavelength range 400-420 nm corresponds to the spherical shape of formed 

AgNPs [103]. The stability of colloidal nanoparticles was monitored as the function of 

time up to which it nanoparticles do not aggregate. The UV light treated Tulsi leaf 

extract-AgNO3 colloidal solution did not show any peak confirming that negligible 

AgNPs formed at wavelengths less than 380 nm (Figure 2.8b). The absorption spectra 

of Tulsi extract and AgNO3 did not show any peak in the visible region (Figure 2.8c).  

 

 

 

Figure 2.8: Absorption spectra of AgNPs under (a) Sunlight; (b) UV-light; (c) Raw 

materials  
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The UV-Visible spectra of CH-mediated synthesized AgNPs showed a clear 

peak at 427 nm (Figure 2.9a), which corresponds to the formation of AgNPs. The 

AgNPs formed from the AgNO3 solution by the reducing and stabilizing action of CH. 

The SEM and DLS analysis results (Figure 2.9b & 2.9c) showed that the size of AgNPs 

was in the range of 70-130 nm. The SEM of the AgNPs, when analyzed by ImageJ 

software, showed the average size of the formed nanoparticle as 80 ± 11 nm, which was 

lower than that obtained from the DLS analysis (93.4 ± 26.0 nm). This difference in the 

values of average size can be attributed to the fact that the SEM image measurements 

show the actual diameter, but the DLS technique measures the hydrodynamic diameter, 

which is always greater than the actual diameter [104]. A thin dipole layer of the solvent 

is formed on the surface of AgNPs due to the adherence of solvent onto the surface of 

AgNPs. Thus the DLS analysis gives the diameter of the core molecule together with 

the solvent layer. Measurement of the hydrodynamic diameter is a vital parameter for 

understanding the effect of nanoparticles in biological systems and correlating particle 

size with the physiological responses of the body [105]. Further, the hydrodynamic 

diameter also affects the diffusion across the cell membrane. 
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Figure 2.9: Chitosan-mediated green synthesized AgNPs; (a) UV-visible 

spectra; (b) SEM image of AgNPs; (c) Cumulative size distribution obtained 

through DLS method 

2.4.2 Solution casting of polymeric film 

A clear film of PVA containing AgNPs and Tulsi extract formed after 24 hours 

over the Petri plate kept in an incubator at 45 ºC (Figure 2.10). The average thickness of 

the formed film was found to be 0.15 ± 0.03 mm. The film obtained exhibited good 

strength.  
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Figure 2.10: Morphology of antimicrobial active film 

2.4.2.1 The release profile of active constituents  

The diffusion of AgNPs and plant extract was monitored after 5, 10, 15, 20, 25, 

30 minutes as spectrophotometric absorbance values at 427 and 335 nm, respectively. 

The corresponding increase in absorbance with time (Figure 2.11) represents the 

diffusion of AgNPs and plant extract in the surrounding microenvironment. Thus the 

prepared film can be considered as an active antimicrobial film, which releases the 

active constituents AgNPs and Tulsi extract simultaneously. The diffusion rate of active 

constituents is not constant. Initially, it is slow, but later on, it increases because the 

PVA film begins to swell and becomes porous to release the constituents actively. 
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Figure 2.11: Release profile of AgNPs and O. tenuiflorum extract at 427 nm and 335 

nm 

2.5 Physico-chemical characteristics of electrospinning solution 

The solutions were formed and further analyzed after complete homogenization 

for the parameters listed below: 

2.5.1.1 Electrical conductivity 

The electrical conductivities of the solutions are shown in Table 2.8. For CH, its 

value is higher (5.4 mS/cm) compared to that for PVA (2.8 mS/cm), but the fiber 

formation did not take place for CH alone. The blend solution 70:30 (PVA: CH) and 

(PVA: CH-AgNPs) have conductivities of 3.9 and 4.0 mS/cm, respectively. These can 

be molded into a fibrous form as seen in SEM images (Figure 2.12). The PVA can be 

easily electrospun due to its plasticizing nature [106]. The 6.0% solution of CH alone is 

difficult to electrospun. The 2.0% acetic acid has been selected to avoid any harmful 

effect, although it gets evaporated during electrospinning and drying [17,91,106]. The 
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pure CH is tough to electrospun, only fine spray of beads is formed, when electrospun 

(Figure 2.12f.). 

2.5.1.2 Viscosity  

The viscosity of the solution plays an important role in determining the 

electrospinnability, morphology, and diameter of nanofibers. The viscosity of pure 

PVA, CH and PVA:CH (70:30) blend and PVA:CH-AgNPs (70:30) blend solutions 

were found to be 7.10 Pa⋅s, 13.55 Pa⋅s, 8.20 Pa⋅s and 8.24 Pa⋅s, respectively (Table 2.8). 

Low viscous solutions do not form continuous fiber, and with very high solution 

viscosity, there is difficulty in the ejection of the jet from the needle tip. The higher 

viscosity of CH solution may be the reason why the CH fibers are difficult to form 

[107,108]. After blending with PVA, probably new hydrogen bonds between  PVA-CH 

are formed, which increase its ability for electrospinning [106]. These are also 

supported by the change in FTIR peaks and XRD pattern of blended composite fibers 

(Figure 2.14 and 2.15). 

Table 2.8: Properties of electrospinning solutions for making fibrous nano-layers 

Sr. 

No. 

Nano-

layers  

Composition of 

solution 

Viscosity Conductivity Size of 

AgNPs 

  (Pa⋅s) (mS/cm) (nm) 

1. P-100 PVA solution (A) 7.10 2.8 - 

2. CH-100 Chitosan solution (B)  13.55 5.4 - 

3. P70-CH30 A (70%) + B (30%) 8.20 3.9 - 

4. P70-CH30-

Ag  

A (70%) + B (30%) + 

AgNPs 

8.24 4.0 93.4 ± 26.0 

A- 12% aqueous polyvinyl alcohol (PVA) solution, B- 6% aqueous chitosan (CH) 

solution with 2% acetic acid, AgNPs- silver nanoparticles. 
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2.5.1.3 Thickness 

The film formed by solution casting of CH was homogenous, transparent and 

light yellow in appearance (Figure 2.10) whereas the electrospun FCNLs was white and 

opaque. At the macroscopic scale, all the composite nano-layers were evenly smooth 

and had an average thickness of around 0.015 to 0.020 mm (Table 2.9). The CH film 

was slightly thicker (0.23 mm) as it was solution cast. 

2.5.1.4 Solubility 

The PVA is a water soluble polymer hence the water uptake capacity of the PVA 

nanofiber is maximum. The PVA film wholly dissolved in the DDW. CH is 

hydrophobic in nature. The solubility of composite nano-layers in water decreased as 

the proportion of CH increased and that of PVA decreased. The cross-linking of fibers 

due to the action of the glutaraldehyde reduces the solubility, hence the film made of 

PVA: CH (70:30) has low solubility (3.0-7.0%) and can be used as an active packaging 

material. The CH film is very weakly water-soluble (0.2-0.4%) due to its hydrophobic 

nature remained nearly intact on exposure to water. The PVA film containing plant 

extract-AgNPs swell and dissolved entirely in 8 h. 

2.5.1.5 The SEM fingerprints 

The SEM images confirmed that PVA easily forms smooth fibrous films with an 

average diameter of 466.84 ± 129.37 nm (Figure 2.12a, Table 2.9). Pure CH is 

extremely difficult to electrospun [42] and it formed only a spray of beads (Figure 

2.12f). The PVA: CH concentration ratio of 70:30 resulted in the formation of fibers of 

average diameter 267.80 ± 148.64 nm and 196.02 ± 118.76 nm for P70-CH30 NL and 
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P70-CH30-Ag NL, respectively (Table 2.9, Figure 2.12b-c). As the proportion of CH 

increased, the formation of beads along with the fibers increased (Figure 2.12d-e), so 

the fibres made using PVA: CH ratio of 70:30 was used for further study. The SEM 

micro-photographs showed that the PVA solution formed fine fibers without any bead, 

but the tendency of fiber formation decreased as the concentration of CH increased 

(Table 2.9). The fiber diameter also decreased as the concentration of CH increased. 

Above 30% CH concentration, the fiber diameter decreased and the bead formation 

started. At 50% CH concentration, beads with few fibers formed but after this, only 

beads formed (Figure 2.12e-f). As the antimicrobial property is due to the CH, so the 

fiber with the maximum concentration of the CH will have greater antimicrobial 

activity. Thus the PVA: CH ratio of 70:30 is optimal for the formation of smooth and 

bead free fibrous film with maximum surface area and antimicrobial activity.  
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Figure 2.12: SEM photo-micrographs of electrospun composite nano-layers; 

(a) P-100 NL; (b) P70-CH30 NL; (c) P70-CH30-Ag NL; (d) P60-CH40 NL; 

(e) P50-CH50 NL; (f) CH-100NL 
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Table 2.9: Morphology, thickness, average fiber diameter and water contact angle of fibrous composite nano-layers 

Sr. No. Film/Nano-layer Composition Morphology Thickness Diameter of 

Nanofiber  

Water Contact 

Angle 

(mm) (nm) (Degree) 

1. P-100 NL A (100%) Smooth Fiber 0.015 466.84 (±129.37) 73.12 (± 9.71)  

2. P70-CH30 NL A (70%) + B (30%) Fiber 0.018 267.80 (±148.64) 97.12 (± 9.28)  

3. P70-CH30-Ag NL A (70%) + B (30%) + 

AgNPs 

Fiber 0.020 196.02 (±118.76) 95.82 (± 10.27)  

4. P60-CH40 NL A (60%) + B (40%)  Fiber + Bead 0.018 129.61 (±59.95) 88.72 (± 9.54)  

5 P50-CH50 NL A (50%) + B (50%)  Fiber + Bead 0.019 93.73 (±53.09) 81.26 (± 11.63)  

6. CH-100 NL B (100%) + AgNPs Beads - - - 

7. CH-100 Film B (100%)  Film 0.230 - 106.47 (± 9.98)  

8. Sunlight treated 

Polymeric Film 

C (100%) + AgNPs Film 0.150 - 70.37 (± 7.92) 

 

A- 12% aqueous polyvinyl alcohol (PVA) solution, B- 6% aqueous chitosan (CH) solution with 2% acetic acid, , C- 6% aqueous plant extract 

polyvinyl alcohol (PVA) solution, NL- Nano-layer, AgNPs- silver nanoparticles.  
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2.5.1.6 Zeta (ζ) potential of plant extract-AgNPs 

 

Figure 2.13: Zeta potential of Ocimum tenuiflorum extract and AgNPs colloidal 

solution 

The zeta potential calculated using Smoluchowski equation based on 

electrophoretic mobility, 𝑣 = (𝜀𝐸/𝜂)ξ where v is the measured electrophoretic 

velocity, η is the viscosity of the solution, E is the electric field, ε is the electrical 

permittivity of the electrolytic solution and ξ is the zeta potential. The zeta potential 

measures the stability of the nanoparticles. It was determined as –26.20 mV for AgNPs 

colloidal solution and –56.84 mV for the plant extract (Figure 2.12). The high value of 

zeta potential, which provides stability to nanoparticles against agglomeration was 

probably due to the capping of AgNPs by the active biomolecules like eugenol (1-

hydroxy-2-methoxy-4-allylbenzene) present in the Tulsi extract. Although the negative 

charge provided by the active molecules of Tulsi extract should have stabilized the size 

of AgNPs, however with time, an increase in the size of AgNPs has been observed. This 
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may be due to the ionic effect and agglomeration of some of AgNPs. A zeta potential of 

around ± 30 mV has been reported for the complete stability of the colloidal solution 

[109], but in the present case, it has been found as –26.20 mV for the colloidal solution, 

hence slow agglomeration is observed after some  time.  

2.5.2 Water contact angle (WCA) 

The hydrophilic and hydrophobic nature of the FCNLs and polymeric film for its 

suitability as packaging material was evaluated by the sessile water drop contact angle 

test. The hydrophilic surfaces show a WCA < 90° while the hydrophobic surfaces show 

a WCA > 90° [110]. The results showed (Table 2.9) that the fibrous PVA surface is 

highly hydrophilic. The hydrophilic nature decreased as the concentration of the CH 

increased in the composite nano-layer. The contact angle of the solution cast CH film is 

the highest among the FCNLs. The fibre-forming blends of the PVA-CH (70:30) and 

PVA-CH-AgNPs nano-layer showed WCA of 97.12° ± 9.28° and 95.82° ± 10.27° as the 

hydrophobic nature of the FCNLs was enhanced by the CH. It showed the permissible 

hydrophilicity-hydrophobicity balance for use as a packaging film. For CH percentage 

more than 30%, a decrease in WCA (Table 2.9) was observed, it may be due to the 

beaded uneven surface of the FCNLs (Figure 2.12d-f). More the surface roughness 

(beaded structure) less is the WCA. On the basis of the WCA values, the order of 

hydrophilicity is; plant extract-AgNPs-PVA polymeric film > PVA fibrous nano-layer > 

PVA:CH blend composite nano-layer > CH film. The major disadvantage of 

hydrophilic polymers used for packaging is their poor water vapour and moisture barrier 

property and high manufacturing cost [1]. The CH blending is capable of removing 

these limitations. 
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2.5.3 Fourier Transform Infrared (FTIR) spectroscopy 

The FTIR spectroscopic analysis of CH-100 film, electrospun nanofibrous PVA-

100, PVA-CH (70:30) and PVA-CH-Ag (70:30) nano-layers were carried out to 

ascertain the presence of various functional groups and chemical interaction among the 

polymers. Figure 2.14 shows the FTIR spectra of the FCNLs. In the FTIR spectrum of 

CH film, the absorption peak at 1634 cm
-1

 corresponds to carbonyl stretching vibration 

in O=C–NHR groups and the absorption peak at 1533 cm
-1

 is due to N–H bending 

vibration in primary amine groups [106]. The broad absorption peaks of O–H have 

appeared at around 3200 cm
-1

. A peak at 2873 cm
-1

 shows aliphatic C-H stretching 

vibration. The absorption peaks at 898, 1019 and 1254 cm
-1

 corresponds to the 

saccharides structure, and peak at 1403 cm
-1

 corresponds to stretching of N–H of amide 

III. The peak at 1065 cm
-1

 corresponds to the secondary hydroxyl group [111]. 

 

Figure 2.14: FTIR spectra of film and composite nano-layers; (a) CH-100 film; (b) 

P70-CH30 NL; (c) P-100 NL; (d) P70-CH30-Ag NL 
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The PVA nanofibrous film exhibits the stretching vibration peak due to its side 

hydroxyl groups at 3260 cm
-1

 associated with –OH stretch due to intermolecular and 

intramolecular hydrogen bonds. The C–H stretch from alkyl group corresponds to the 

peak at 2908 cm
-1

.  

In the electrospun FCNLs, the absorption peak due to amino group at 1560 cm
-1

 

gets reduced in the composite films as compared to the fibrous PVA films due to the 

interaction between PVA and CH macromolecules. It may be due to the formation of 

hydrogen bonds between –OH groups in PVA and amino groups in CH. Therefore, the 

blending of PVA with CH improved its electrospinnability.  

2.5.4 X-ray diffraction (XRD)  

The CH films showed peaks at 2θ of 11.2° (100), 17.9° (101), and 22.3° (102) to 

mark the crystallinity. The pattern for the PVA fibers showed crystalline peaks at 2θ of 

19.4° (101), 22.3° (200), 40.6° (111) [106,112]. In case of the composite P70-CH30 NL 

and P70-CH30-Ag NL two prominent peaks were observed at 2θ of 19.4°, 22.3°. 

Though there is a difference in the intensity of the peaks. In P70-CH30-Ag NL, the 

crystalline nature appears at 2θ of 38.0° and index to the (111) reflection plane (JCPDS 

number 04-0783, 1991). In the composite nanofibers, it has been observed that the 

peaks for CH at 11.2°, 17.9° and those for PVAs at 19.4°, 40.6° vanish (Figure 2.15). 

The possible reason may be the hydrogen bond interactions between CH and PVA 

macromolecules. These results also support the observations made through FTIR 

analysis (Figure 2.14). 
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Figure 2.15: XRD pattern of film and composite nano-layers: (a) P70-CH30 NL; 

(b) P70-CH30-Ag NL; (c) P-100 NL; (d) CH-100 film 

2.5.5 Microbiological analysis 

2.5.5.1 In vitro antimicrobial activity of film and FCNLs 

When tested for the antimicrobial activity by agar disc diffusion assay, the zone 

of inhibition was observed in some cases (Table 2.10). The P-100 NL did not exhibit 

any antimicrobial activity, but there was no bacterial growth over its surface. The P70-

CH30 NL and P70-CH30-Ag NL showed remarkable antibacterial activity against the 

tested bacteria- E. coli and L. monocytogenes. The maximum zone of inhibition was 

observed for P70-CH30-Ag NL, possibly due to the synergistic antimicrobial activity of 

CH and AgNPs similar to the findings of Kumar et al. [40]. The antimicrobial action of 

CH molecule is believed to be due to the electrostatic interaction between the positively 

charged CH molecule and negatively charged outer bacterial cell membrane resulting in 



Chapter 2   Biodegradable antimicrobial polymeric films for packaging 

 

Indian Institute of Technology (BHU), Varanasi                                                                         70  

a change in the membrane permeability leading to osmotic imbalance and hydrolysis of 

peptidoglycan wall of the bacteria [100]. 

The polymeric film, when tested for the antimicrobial property using the 

overnight grown bacterial culture, no growth over the film was observed, and a zone of 

inhibition all around the film was also observed indicating its antibacterial activity. The 

peripheral zone of inhibition is small due to the slow diffusion of active constituents 

from the film towards the solid media. The zone of inhibition shown in Table 2.10 

indicates the antimicrobial property of the formed AgNPs against the pathogenic 

bacteria. Based on the results obtained (Table 2.10), it can be inferred that the UV 

treatment does not catalyze the AgNPs biosynthesis, hence mere plant extract and 

AgNO3 solution showed limited antibacterial activity. A clear zone of inhibition occurs 

in sunlight treated mixture due to the presence of AgNPs. Some antimicrobial activity 

has been seen in case of AgNO3 due to its inherent nature while Tulsi plant aqueous 

extract also showed a little antimicrobial activity as reported by Hanna et al.[39]. 

Table 2.10: Antimicrobial activity of fibrous composite nano-layers and polymeric 

films against Gram-positive and Gram-negative bacteria 

Sr. 

No. 

Film/Nano-

layer 

Composition Zone of 

Inhibition 

(mm)  

Zone of Inhibition 

(mm)  

 E. coli L. monocytogenes 

1. P-100 NL A (100%) 00.0 ± 0.0 00.0 ± 0.0 

2. P70-CH30 NL A (70%) + B (30%) 16.0 ± 0.6 15.0 ± 0.4 

3. P70-CH30-Ag 

NL 

A (70%) + B (30%) 

+ AgNPs 

20.0 ± 0.7 21.0 ± 0.6 

4. 
UV light treated 

C (100%) + AgNPs 3.0 ± 0.20 3.0 ± 0.20 
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Film 

5. Sunlight treated 

Film 

C (100%) + AgNPs 15 ± 1.10 13 ± 1.20 

6. Silver Nitrate 

Solution 

Aqueous solution 4.0 ± 0.20 4.0 ± 0.50 

7. Tulsi extract Aqueous solution 1.9 ± 0.20 2.0 ± 0.30 

A- 12% aqueous polyvinyl alcohol (PVA) solution, B- 6% aqueous chitosan (CH) 

solution with 2% acetic acid, C- 6% aqueous plant extract polyvinyl alcohol (PVA) 

solution, NL- Nano-layer, AgNPs- silver nanoparticles. n=5, zone of inhibition ± SD 

 

2.5.6 Antimicrobial application of FCNLs for meat packaging  

The meat packaged in conventional plastic and PVA nano-layers, when tested 

for microbial growth after a week, showed a rapid increase in the microbial count 

(Figure 2.16). This indicated that there were suitable conditions for microbial growth, 

and this may lead to the degradation of the packaged meat due to microbial action. In 

the case of the P70-CH30 NL and P70-CH30-Ag NL, initially there was no growth, but 

after a period of 16-17 h, the bacterial growth was observed. It may be due to the 

bacteria that reside in the deeper layers of meat which were not in close contact of the 

packaging layer. These bacteria must have escaped from the antimicrobial action of 

FCNLs. Compared to the bacterial growth observed in the case of convectional plastic 

and PVA nano-layers (P-100 NL), the observed bacterial contamination in P70-CH30-

Ag NL nano-layer was negligible. This indicates that the composite P70-CH30 and P70-

CH30-Ag FCNLs have effectively killed the initial bacterial contamination. The P70-

CH30-Ag FCNLs exhibited maximum antimicrobial activity among the tested 

packaging materials. Further, when the meat was grinded in a grinder after seven days, 

the organoleptic quality (i.e. visual and smell) was much better in case of meat 

packaged within P70-CH30-Ag FCNLs (Figure 2.17). 
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Figure 2.16: Microbial growth pattern in packed meat after 7 days: (a) Normal Plastic; 

(b) P70-C30-Ag NL; (c) P70-CH30 NL; (d) P-100 NL 

 

 

Figure 2.17: Application of PVA/CH/AgNPs composite nano-layer for packaging of 

fresh meat 
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The results indicate that the P70-CH30-Ag FCNLs possess better antimicrobial 

properties among the tested FCNLs. It has extended the product shelf-life and quality 

due to its antimicrobial action. Antimicrobial activity gets further synergistically 

enhanced by the addition of green synthesized AgNPs (Table 2.10). The composite 

nano-layers act as active packaging which can be seen in the antimicrobial action for a 

prolonged duration. 

The strength and barrier properties of the conventional packaging materials in 

comparison to FCNLs are better than the formed FCNLs as the nano-layers are fibrous 

and can easily get damaged due to mishandling. Thus, when used with conventional 

packaging materials, these films could increase the shelf-life of packaged meat and 

protect consumers from food-borne diseases. One of the major advantages of these 

electrospun FCNLs is that the electrospinning process occurs at ambient conditions so 

thermo-labial active constituents can easily be incorporated in these composite nano-

layers. 

2.6 Conclusion 

The AgNPs biosynthesis has been successfully carried out using O. tenuiflorum 

extract in a photocatalyze reaction. Active biomolecules present in the plant extract and 

the energy associated with the incident light are responsible for the formation of stable 

AgNPs. The AgNPs, when cast in a polymeric film exhibit the characteristic 

antimicrobial properties of AgNPs and act as an active film by releasing the extract of 

medicinal herb Tulsi and AgNPs. In comparison to solution casted films, the 

electrospun bio-composite fibers P70-CH30 and P70-CH30-Ag FCNLs exhibited good 

antimicrobial properties against degrading bacteria. Their antimicrobial property is due 
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to the inherent characteristics of CH, and it gets synergistically enhanced by the addition 

of green synthesized AgNPs in P70-CH30-Ag NLs. These chitosan-based composite 

nano-layers can be used to develop novel food packaging materials which can be 

potentially as functional as the conventional plastics, and therefore may replace 

conventional plastic packaging whilst leaving a significantly lower environmental 

footprint.  
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