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1.0 INTRODUCTION 

 

Wound healing is a multi-factorial physiological process. The complexity of this 

phenomenon makes it prone to several abnormality. Apart from cellular and biochemical 

components, several enzymatic pathways also become active during mend and help the tissue 

to heal. Natural and synthetic gel-like materials, films/membranes, composites, micro- /nano 

particulate systems have featured heavily in the progress of biomaterials for wound healing and 

other tissue-engineering purposes. Biocompatible and biodegradable polymer scaffold 

combined with cells or biological signals are being investigated as alternatives to traditional 

options for tissue re-enactment and transplantation. These approaches are already in clinical 

use as engineered tissues that enhance wound healing and skin rejuvenation (Cevher, 2011). 

Plants are used for treatment of certain disorders from ancient days. Plants registered 

as a major source of medicinal provision and also many drugs derived from herbal plants. 

Around 25% drugs are derived by using plants. Due to less hygienic situation mostly in rural 

area wounds is common anarchy for skin problem. Boil, burn, wounds are unplanned physical 

injure of body by loss of skin. Wound healing process start from damage of skin. A complete 

wound healing process depends on degree of injury, human resistance capacity, infection 

potential of pathogens and early effective treatment procedure (Patel, 2014). 

This study includes the actions of additional silver nanoparticles of T. procumbens on 

wound healing in an attempt to ascertain the exact nature of the active principle in bioactive 

film. T. procumbens, also known as ‘Common button’ or ‘coat buttons’ is  a perennial  plant 

from the Asteraceae family, native to Central and South America (Ravikumar et al., 2005).  

Tridax procumbens Linn. a bounds in alkaloids, carotenoids, flavonoids (catechins and 

flavones) and tannins. It is also rich in sodium, potassium and calcium. The plant is used to 

treat various ailments, such as bronchial catarrh, dysentery, diarrhoea, preventing hair loss, and 

to check haemorrhage from cuts. Its pharmacological studies have revealed some important 

medicinal properties like anti-inflammatory, hepato protective, wound-healing, immune-

modulatory, antimicrobial, antiseptic, hypotensive and brady cardiac effects. Plants as being a 

safer source of nanoparticles synthesis, T. procumbens was selected for their variable phyto 

constituents and especially having high amount of ketones, phenols, alkanes, amine and 

lactones. All the available reports on T. procumbens, phyto constituents and pharmacological 

properties make this plant more acceptable for the present study. 

Since ancient times, this species has been used in Ayurveda in India (Kethamakka and 

Deogade, 2014). Traditionally, this plant has been in use in India for wound healing and as an 
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anticoagulant, antifungal, and insect repellent. The juice extracted from the leaves is 

unswervingly applied on wounds. Its leaf extracts were used for contagious skin diseases in 

folk medicines. It is used in ayurvedic remedy for liver disorders, hepato protection, gastritis, 

and heartburn. T. procumbens is also used as treatment for boils, blisters, and cuts (Nallella, 

Sreeramulu et al., 2013). Here the methanolic extract of this plant is used for preparing the 

silver nanoparticles. 

Silver compounds and ions have been extensively employed for the treatment of several 

pathophysiological conditions, with special hygienic and healing purposes, due to their broad-

spectrum antimicrobial activity (Ojeda-Martínez et al., 2015). 

Synthesis of nanoparticles from plant sources has proved to be an effective and alternate 

method for the novel production of nanoparticles. Synthesis of gold and silver nanoparticles 

can be achieved through various chemical and physical methods including the chemical 

reduction of silver ions in aqueous solutions, with or without stabilizing agents, thermal 

decomposition in inorganic solvent, chemical and photo reduction (Malik, 2014). 

Natural polymers are widely used in the regenerative medicine field, for wounds and burns 

dressing because of their biocom-patibility, biodegradability dressing (Grumezescu et al., 

2014). 

A flexible polymeric film, suitable for use as a wound dressing, wherein the polymer 

comprises at least 70 % by weight. Chitosan is a very promising biopolymer because it is 

environmentally friendly due to its biodegradability and has good film forming properties 

(Kanatt et al., 2012). 

Chitosan is a biodegradable, biocompatible, polycationic, naturally derived polymer 

with low immunogenicity and it is a linear polysaccharide which is made by treating 

the chitin shells of shrimp and other crustaceans with alkaline substances. Chitosan can be 

isolated directly from the cell walls of certain fungi, but is usually prepared from chitin. 

substance hydrolysis and enzymatic hydrolysis methods have been extensively used for the 

isolation of chitosan from marine crustacean shells, as they are quite inexpensive. In the 

chemical hydrolysis method, four main steps are involved in producing chitosan from marine 

crustacean shells. They are demineralization, deproteinization, discoloration, deacetylation 

(Venkatesan, and Kim, 2014). 

Chitosan has a number of mercantile and possible biomedical uses. It can be used 

in cultivation as a seed cure and biopesticide, helping plants to fight off fungal infections. 

In winemaking, it can be used as a chastising agent, also helping to check spoilage. In diligence, 

it can be used in a self healing polyurethane paint facade. In medication, it is useful 

https://en.wikipedia.org/wiki/Chitin
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in bandages to reduce bleeding and as an antibacterial agent; it can also be used to help deliver 

drugs through the skin. More controversially, chitosan has been asserted to have use in 

restraining fat absorption, which would make it useful for dieting. Chitosan's is used within 

some wound dressing to stop haemorrhage. It also appears to shrink the growth of bacteria and 

fungus. It’s hemostatic agents are often chitosan salts made from mixing chitosan with an 

organic acid (such as succinic or lactic acid). The chitosan salts can be assorted with other 

materials to make them more absorbent (such as mixing with alginate), or to vary the rate of 

solubility and bio absorbability of the chitosan salt. The chitosan salts are biocompatible and 

biodegradable manufacture them useful as absorbable haemostats. It is being studied as a 

medication deliverance system. Chitosan and derivatives have been explored in the 

development of nanomaterials, bio adhesives and edible coatings for drug delivery and in 

medical devices (Salmean et al., 2016). 

Gelatin is a natural water soluble protein pigeonholed by the absence of an 

appreciable stink and the random configuration of polypeptide chains in aqueous solution. 

It is obtained from the partial hydrolysis of collagen; a fibrous protein mainly found in firm 

parts of vertebrate and invertebrate animals as bones, skins, connective tissues and tendons 

and its structure consists of rigid bar-like molecules that in order in fibres inter-connected 

by covalent bonds. Soluble gelatin is produced by the deterioration of the collagen triple-

helix. Gelatin properties are influenced by two main factors: the characteristics of the 

preliminary collagen and the extraction procedure (Marina Ramos et al., 2016). 

The degree of collagen alteration into gelatin is reliant on the pre-treatment with 

warm-water extraction, temperature, pH, and extraction time. Interstitial collagen molecules 

are unruffled of three polypeptide α-chains intertwined and stabilized by hydrogen bonding 

and hydrophobic interactions. The destabilization is produced by betrayal hydrogen and 

covalent bonds as a result of the heat treatment, resulting in helix-to-coil transition and 

subsequent conversion into soluble gelatin. Formerly, the insoluble indigenous collagen 

must be pre-treated to break non-covalent bonds so as to disorganize the protein structure, 

thus producing adequate swelling and collagen solubilisation, apposite for extraction 

(Ramos et al., 2016). 

Some synthetic polymers from non-renewable sources are also biodegradable, such as 

polyvinyl alcohol (PVA). PVA is a mock, water soluble polymer with admirable film forming, 

emulsifying, and adhesive properties. It also imparts good tensile strength (TS) and 

biodegradability and hence has been used in many biomaterial applications. Chitosan contains 

free hydroxyl and amine groups, and is therefore miscible with PVA due to the formation of 

https://en.wikipedia.org/wiki/Nanomaterial
https://en.wikipedia.org/wiki/Drug_delivery
https://www.mdpi.com/search?authors=Marina%20Ramos&orcid=
https://www.mdpi.com/search?authors=Marina%20Ramos&orcid=
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hydrogen bonds. Polymer blending is one of the most effective methods to have new material 

with desired properties (Kanatt et al., 2012). 

Poly vinyl alcohol (PVA) is the only known carbon-carbon backbone polymer which 

is biodegradable and has gained immense attention due to the range of applications possible 

due to this property (Matsumura et al., 1999).  

It can also be easily blended with other natural polymers and also has the advantage of 

being polar and soluble in water. It can improve the mechanical properties of the biopolymer 

as it has high tensile strength and elasticity. Blending of PVA with biopolymers such as 

chitosan, starch and have been investigated by researchers (Ke and Sun, 2003; Kanatt et al., 

2012).  

Gelatin is a fibrous protein which due its unique sequence of amino acids consisting of 

high content of proline, hydroxy proline and glycine that is available in nature and has film 

forming properties and can be blended with other polymers to improve its mechanical and 

barrier properties (Kanatt et al., 2017) 

Films formed by amalgamation of polymers usually results in modified physical and 

mechanical properties compared to films made of entity components. Since synthetic polymers 

are easily obtained and have low production cost, blending of natural and synthetic polymers 

improves the cost performance ratio of the resulting films. Blending of synthetic polymers, 

such as PVA with Chitosan have been reported to improve mechanical properties of Chitosan 

films. In terms of active agents that can be incorporated into films, plant extracts have received 

much attention as they contain high concentrations of phenolic compounds that possess strong 

antioxidant properties (Kanatt et al., 2012). 

Poly vinyl alcohol (PVA) is the only known carbon-carbon backbone polymer which 

is biodegradable and has gained immense attention due to the range of applications possible 

due to this property (Matsumura et al., 1999).  

It can also be effortlessly blended with other acknowledged polymers and also has the 

lead of being polar and soluble in water. It can perk up the mechanical properties of the 

biopolymer as it has soaring tensile strength and elasticity. Amalgamation of poly vinyl alcohol 

with biopolymers such as chitosan, starch and have been investigated by researchers (Ke and 

Sun, 2003; Kanatt et al., 2012).  

Gelatin is a fibrous protein which due its unique sequence of amino acids consisting of 

high content of proline, hydroxyl proline and glycine that is available in nature and has film 

forming properties and can be blended with other polymers to improve its mechanical and 

barrier properties (Kanatt et al., 2017). 
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Chitosan-membrane-based wound products have been investigated both in laboratory 

animals and humans, but are still at the early stage of development. 

With this background information the present study was designed with the following 

objectives: 

1. To prepare silver nanoparticles using T.procumbens leaf extract. 

2. To prepare chitosan-gelatin-PVA composite crosslinked with formaldehyde and 

silver nanoparticles of T.procumbens. 

3. To characterize the chitosan-gelatin-PVA (C-G-PVA) composites for moisture 

content, water absorption capacity, solubility of the film, swelling degree, 

Fourier Transformed Infrared Spectroscopy, 3D surface active analysis, 

Thermogravimetric Analysis and Scanning Electron Mcroscopy. 
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2.0 REVIEW AND LITERATURE 

 

2.1 Wound healing    

The body skin is a barrier to invasion of pathogenic microorganisms and loss of water, 

and prevents bleeding. Therefore, skin is a vital organ whose joined structure may be damaged 

or disrupted by physical, chemical, and biological agents. This damage is referred to as wound. 

Wound healing is an active process throughout which a series of connections between different 

cells, cytokine mediators, and extracellular matrix take place. Generally, wound healing is a 

continuous process including coagulation, inflammation, proliferation, and recover. Moreover, 

wound healing is a reconstructive process that takes place after the damage to skin and soft 

tissue. In fact, after the damage incidence, an inflammatory response is developed and 

subdermal cells begin to increase collagen and then epithelial tissue is gradually reconstructed 

(Samani et al., 2016). 

Wound healing is very important for survival mechanism, and it represents to maintain 

the normal structure and function of tissues. Wound healing is still a challenge for the 

pharmaceutical industry, despite being more complex nowadays. The 1–3% of drugs only used 

in western pharmacopeias for curing and healing of wounds. It is due to this challenge that 

medicinal plants possess enormous potential to come up with a widespread solution for the 

wound healing treatments (Krishnaveni, 2018) 

Wound healing is a complex and dynamic process of replacing devitalized and missing 

cellular structures and tissue layers. It is reflected in a set of biochemical events in a closely 

organized cascade to repair damaged tissue. In the human adult, wound healing is often divided 

into three phases, i.e., inflammatory, proliferative, and remodeling phases. The inflammatory 

phase starts immediately after injury with the launch of hemostatic mechanisms to stop 

bleeding straight away (Maver et al., 2015). 

2.2 Tridax procumbens Linn. 

T. procumbens (Figure 1) is a species of flowering plant belonging to family asteraceae 

and is the most potent species among 30 species. It is best known as widespread weed and pest 

plant. It is native to the tropical Americas but it has been introduced to tropical, subtropical and 

mild temperate regions worldwide. It is listed as a noxious weed in the United States and has a 

pest status. Some of the medicinally important species of the genus Tridax are: T. angustifolia, 

T. serboana, T. bicolor, T. accedens, T. dubia, T. erecta and T. rosea (Mir et al., 2017) 
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                                                       Figure 1: Tridax procumbens Linn. 

2.2.1 Taxonomic classification 

Kingdom : Plantae  

Division   : Angiosperms  

Class        : Magnoliopsida 

Order       : Asterales  

Family     : Asteraceae  

Genus      : Tridax  

Species    : Procumbens  

 

T. procumbens is employed as indigenous medicine for a variety of ailments. It has 

been extensively used in Indian traditional medicine for wound healing, as anticoagulant, 

antifungal and insect repellent, in diarrhea and dysentery. Leaf extracts are used to treat 

infectious skin diseases in folk medicines. It is also dispensed as ‘Bhringraj’ which is well 

known ayurvedic medicine for liver disorders. Antioxidant properties have been demonstrated, 

also hair growth promoting activity have been analyzed (Mir et al., 2017). 

2.3 Polymer  

The word polymer is derived from Greek words, poly which means many and parts or 

units of high molecular mass. Each molecule consists of a very large number of single structural 

units joined together in a regular manner by covalent bonds. Polymers are the giant molecules 

of high molecular weight called macromolecules which are formed by linking together a large 

number of small molecules, called monomers. The process by which monomers combine to 

form polymer is known as polymerization. The polymerization is defined as a chemical 

reaction in which two or more substances combine together with or without evolution of water, 

heat or any other solvents to form a molecule of high molecular weight. The product obtained 

is called polymer and the starting material from which the polymers are made is called 

monomer. These polymers are found in nature generally from plants and animals sources. 

Examples are proteins, cellulose, starch, resins. Semi-synthetic polymers-These polymers are 

obtained from natural polymers by simple chemical treatment to change the physical properties 

of natural polymers like Starch, silicones (Babu et al., 2016). 
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2.3.1 Synthetic polymers 

The fibers which are synthesized in laboratory by polymerization of simple chemical 

molecules are called synthetic polymers, example: Nylon, polyethene, polystyrene, synthetic 

rubber, PVC, Teflon, Low density polyethylene (LDPE), High density polyethylene ( HDPE), 

thermoplastic polyurethanes etc (Kaushik et al., 2016). 

    Biopolymers are efficient in the tissue repair processes only to a certain extent, being 

limited in interactions at the molecular level with wound pathogens. These natural 

macromolecules have attracted attention as dressing materials due to their biodegradability, 

where material degradation and the new tissue formation should be parallel processes 

(normally the case in the treatment of acute wounds). The situation with chronic wounds is 

more complicated due to low stability of these biomaterials in contact with the fluids containing 

elevated levels of hydrolytic enzymes; eg, lysozyme cleaves chitosan-based materials, whereas 

collagen is a natural substrate of several matrix metalloproteinases. Moreover, the use of 

biopolymers in wound management has not yet been clearly translated into a platform for wide-

spread clinical use (Ghadi et al., 2011). 

2.3.2 Chitin  

Chitin or poly (β-(1→4)-N-acetyl-D-glucosamine) is a natural polysaccharide of major 

importance, first identified in 1884 (Figure 2). This biopolymer is synthesized by enormous 

number of living organisms and it belongs to the most abundant natural polymers, after 

cellulose. In the native state, chitin occurs as ordered crystalline microfibrils which form 

structural components in the exoskeleton of arthropods or in the cell walls of fungi and yeast. 

So far, the main commercial sources of chitin are crab and shrimp shells. In industrial 

processing, chitin is extracted by acid treatment to dissolve the calcium carbonate followed by 

alkaline solution to dissolve proteins. In addition, a decolorization step is often added in order 

to remove pigments and obtain a colorless pure chitin. All those treatments must be adapted to 

chitin source, owing to differences in the ultrastructure of the initial material (the extraction 

and pre-treatments of chitin will be described later), to produce first a high quality chitin, and 

then chitosan (after partial deacetylation). Chitin is infusible and sparingly soluble during 

transformation into different conformations of the initial material (the extraction and pre-

treatments of chitin will be described later), to produce first a high quality chitin, and then 

chitosan(after partial deacetylation). Chitin is infusible and sparingly soluble during 

transformation into different conformations (Younes et al., 2015). 
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Figure 2: Chitin 

 

2.3.3 Isolation of chitin 

Isolation of chitin from crustacean shell waste consists of two basic steps: (1) protein 

separation-deproteinization, and (2) calcium carbonate (and calcium phosphate) separation 

demineralization. These steps also can be conducted in a reverse order, i.e., demineralization, 

followed by deproteinization. Howcver, if protein recovery is an objective, its extraction before 

demineralization is preferred so as to maximize protein yield and quality. A simplified flow 

diagram of chitin processing is given in Figure 3 (Hong et al., 2010). 

2.3.4 Methods of Chitin Extraction 

2.3.4.1 Deproteinisation  

Deproteinisation is usually performed by alkaline treatment. Demineralisation is 

generally performed by acid treatment including HCl, HNO3, H2SO4, CH3COOH, and 

HCOOH; however, HCl seems to be the preferred reagent. It was shown that the order of the 

two steps may be reversed for shrimp waste containing large protein concentrations, which 

stem primarily from the skeletal tissue and to a lesser extent from the remaining muscle tissue 

(Arbia et al., 2013). 

2.3.4.2 Deacetylation 

These are the heterogeneous deacetylation of solid chitin and the homogeneous 

deacetylation of pre-swollen chitin under vacuum (by reducing pressure) in an aqueous 

medium. Heterogeneous deacetylation, which is the preferred industrial treatment, involves 

preferential reaction in the amorphous regions of the polymer, leaving almost intact the 

intractable crystalline native regions in the parent chitin. Alternatively, homogeneous 

modification is conducted by use of moderately concentrated alkali (13% w/w) acting on pre-
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swollen chitin to improve the interaction with the alkali and left to react at 25-40º C for 12-24 

hours (Aranaz et al., 2009).  

Figure 3. Simplified flow diagram of chitin and chitosan 

 

 

 

 

 

 

 

 

 

 

2.3.4.3 Demineralization  

Demineralization is conventionally accomplished by extraction with dilute 

hydrochloric acid (up to 10%) at room temperature to dissolve the calcium carbonate as 

calcium chloride. Among such methods are those exceptions to the above are seen in the 

methods of where demineralization was accornplished with 90% formic acid and 22% HCI, 

respectively, at room temperature. The work of which demineralization was accomplished in 

37% HCI at - 20° C, is also noted (Hong et al., 2010). 

2.3.5 Chitosan 

Chitosan (Ch) is a very promising biopolymer because it is environmentally friendly 

due to its biodegradability and has good film forming properties. In the food industry, Ch films 

promise immense potential to be used as active packaging material due to its antimicrobial 

activity, non-toxicity and low permeability to oxygen (Kanatt et al., 2012). 

   Chitosan is a ß-1,4-linked polymer of glucosamine (2-amino-2-deoxy-b-d-glucose) and 

lesser amounts of N-acetylglucosamine. It is a derivative of chitin (poly-N-acetylglucosamine), 

which is the second most abundant biopolymer after cellulose. Over the last 200 years, the 
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study and application of chitosan has taken on many different forms. Researchers continue to 

build on the original finding of Bracannot, discovering new uses for chitin and chitosan as they 

find different forms of it in nature (Dai1 et al., 2011). 

Figure 4: Chitosan 

 

2.3.5.1 Chitosan structure and its origin 

Chitosan stimulates hemostasis and accelerate regeneration of tissues, therefore it found 

to be useful for wound healing management. For a material to be used for biomedical research, 

a natural product is preferred because these materials are more biocompatible than synthetic 

materials. Chitosan is an attractive material for a tissue engineering scaffold because it has 

structural similarities to glycosaminoglycan and is hydrophilic in nature. The monomeric unit 

of chitosan, N-acetyl glucosamine is important in healing of wound. Due to the 

biodegradability, biocompatibility, antimicrobial effect and its non-toxicity, much attention has 

been paid to chitosan for its biomedical applications. Chitosan stimulates hemostasis and 

accelerate regeneration of tissues, therefore it found to be useful for wound healing 

management (Ahmed et al., 2015). 

2.3.5.2 Extraction of Chitosan 

Sodium hydroxide solution (12.5 N) and 50 g of sodium hydroxide was dissolved in 

100 ml of distilled water are used for the deacetylation process. 50% of 10 ml NaOH to 0.1 g 

of chitin was added and boiled at 100° C for 5mins and this mixture was cooled for 10 mins 

and 5 ml of distilled water was added and incubated at room temperature for 24 hours and 

filtered using Whatman filter paper and washed with distilled water. The supernatant is dried 

in the hot air oven at 60° C and the chitosan was obtained and measured (Vignesh et al., 2018).  

2.3.5.3 Properties of chitin and chitosan  

Both chitin-chitosan are biopolymers composed of glucosamine and N-acetylated 

glucosamine (2-acetylamino-2-deoxy-D-glucopyranose) units linked by (I--->4) glycosidic 

bonds. They are the major constituent of shells of arthropods such as crabs, shrimps, lobsters 

and insects and are also produced extracellularly by fungi and brown algae. Chitin is 
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extensively acetylated while chitosan is largely deacetylated. Chitin is insoluble in water and 

acid while chitosan is also relatively insoluble in water but soluble in acid. The enzymes 

involved in the formation and degradation of chitin have been identified. Chitin synthese 

polymerizes glucosamine to chitin and chitinase hydrolyzes chitin to monomers. Lectins that 

bind N-acetyl-D-glucosamine block synthase activity. A deacetylase transforms chitin to 

chitosan by hydrolyzing the acetamido groups of N-acetyl-glucosamine. This enzyme is a 

glycoprotein with high mannose content of approximately 30% by weight (Koide et al., 1998). 

2.4 Polyvinyl Alcohol (PVA) 

Poly vinyl alcohol (PVA) is the only known carbon-carbon backbone polymer which 

is biodegradable and has gained immense attention due to the range of applications possible 

due to this property (Matsumura et al., 1999).  

It can also be easily blended with other natural polymers and also has the advantage of 

being polar and soluble in water. It can improve the mechanical properties of the biopolymer 

as it has high tensile strength and elasticity. Blending of PVA with biopolymers such as 

chitosan, starch and have been investigated by researchers (Sun, 2003; Kanatt et al., 2012).  

2.5 Gelatin  

Gelatin is a fibrous protein which due its unique sequence of amino acids consisting of 

high content of proline, hydroxy proline and glycine that is available in nature and has film 

forming properties and can be blended with other polymers to improve its mechanical and 

barrier properties. Glycerol is a major by-product generated during the production of biodiesel 

and its use as a plasticizer in packaging films can increase the value addition. In recent years 

extensive studies have been carried out to improve the functional properties of food packaging 

material thereby improving the quality of the packed food. This has led to the development of 

active packaging and edible films. Bioactive compounds from natural sources have been 

frequently utilized in active packaging applications (Kanatt et al., 2017). 

  Gelatin is a biocompatible polymer and is used for many biomedical applications, 

including wound dressings, and has haemostatic potential. The haemostatic action is based on 

platelet activation at the point of contact of blood with the gelatin, which activates the 

coagulation cascade. As a result of its gelatin properties, it can act as a binding agent and stops 

the low of blood into blood vessels by constricting the vessels. Clinical and in vivo studies 

have shown that gelatin is effective in wound healing. A topical application of gelatin to skin 

has proved to be effective in accelerating wound healing. Hydrogels can minimize hypoxia, 

which is a major problem in patients with burns, by providing a moist environment on the 
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surface of the wound. The haemostatic potential of both chitosan and gelatin provide better 

healing by initiating the blood-clotting cascade (Kumar et al., 2014). 

2.6 Characterization of bioactive film 

2.6.1 Moisture content 

Moisture content (MC%) of the membrane was determined by drying 3-cm 2 pieces of 

sample in an oven at 105° C for 24 h (Azad et al, 2004). 

2.6.2 Water absorption capacity 

It is of utmost importance, if they are used for biological applications and wound 

healing. It is used to measure the capacity of blank and drug loaded films to absorb wound 

exudates. Pre weighed, one inch film was placed in 15ml. of distilled water and the weight of 

the film was noted periodically at first hour, second hour, 3rd hour and 24th hour. Every time 

after noting the weight, the film was placed in fresh water. Water absorption capacity of the 

film was determined in triplicate and calculated by formula (Ahamed et al., 2011). 

2.6.3 Solubility of the film  

The films were cut into 2cm × 2cm pieces for the determination of solubility and 

swelling degree. The pieces were dried at 105°C to constant weight to obtain the initial dry 

mass (M1). Then, they were placed in 100 ml beakers with 50 ml distilled water covered with 

plastic wraps and stored at 25°C for 24 h. Next, the films were dried superficially with filter 

papers and dried at 105°C to constant weight to obtain the final dry mass (M2) (Sun et al., 

2016). 

2.6.4 Swelling degree 

  The films were put into 50 ml beakers with 30 ml distilled water for 24 hr at 25° C after 

weighing the films (M1). The wet films were then dried superficially with filter papers, 

followed by weighing the wet films (M2) (Chen et al., 2016).  

2.6.5 Fourier Transform Infrared (FTIR) Spectroscopy 

FTIR is able to provide accuracy, reproducibility, and also a favorable signal-to-noise 

ratio. By using FTIR spectroscopy, it becomes possible to detect small absorbance changes on 

the order of 10 µ3, which helps to perform difference spectroscopy, where one could 

distinguish the small absorption bands of functionally active residues from the large 

background absorption of the entire protein. FTIR spectroscopy is frequently used to find out 

whether biomolecules are involved in the synthesis of nanoparticles, which is more pronounced 

in academic and industrial research. Furthermore, FTIR has also been extended to the study of 

nano-scaled materials, such as confirmation of functional molecules covalently grafted onto 

silver, carbon nanotubes, graphene and gold nanoparticles, or interactions occurring between 
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enzyme and substrate during the catalytic process. Furthermore, it is a non-invasive technique. 

Finally, the advantages of FTIR spectrometers over dispersive ones are rapid data collection, 

strong signal, large signal-to-noise ratio, and less sample heat-up. Recently, further 

advancement has been made in an FTIR method called Attenuated Total Reflection (ATR)-

FTIR spectroscopy. Using ATR-FTIR, we can determine the chemical properties on the 

polymer surface, and sample preparation is easy compared to conventional FTIR. Therefore, 

FTIR is a suitable, valuable, non-invasive, cost effective, and simple technique to identify the 

role of biological molecules in the reduction of silver nitrate to silver. FTIR is able to provide 

accuracy, reproducibility, and also a favorable signal-to-noise ratio (Zhang et al., 2016). 

2.6.6 3D surface active analysis  

3D Analyst Extension provides some powerful and impressive tools for analysis and 

display of 3D surfaces, as well as integration with traditional 2D raster and vector data sources. 

The 3D Analyst is an extension that adds support for 3D shapes, surface modeling, and real-

time perspective viewing to ArcGIS. With it, you can create and visualize spatial data using a 

third dimension to provide insight, reveal trends, and solve problems. Here is a typical 3D 

perspective view of Pack Forest elevation with streams and roads. The view has a 3x vertical 

exaggeration applied, which makes topographic features more distinct. For skilled map readers, 

it is easy to visualize the relationship of topography, roads, and streams as a landscape system. 

However, reading a topographic map requires certain knowledge and experience that not 

everyone possesses. Even for experienced map readers, an image like this conveys far more 

intuitive information than a flat paper map (Ponnaian et al., 2015). 

2.6.7 Thermogravimetric analysis (TGA) 

Thermogravimetric analysis (TGA) was based on the measurement of the temperature changes 

that occur in a substance, either by chemical reactions or physical changes. TGA is a technique 

by which a sample is weighed and continuously heated at a controlled rate. The weights of 

samples change when the temperature increases. The resulting curve is called thermogram. The 

thermogram provides information about the thermal stability and composition of the original 

sample, the composition and stability of intermediates and the waste composition. Each 

material has its corresponding thermogram allowing identification (Sharma et al., 2017).  

2.6.8 Scanning Electron Microscopy (SEM) 

Recently, the field of nanoscience and nanotechnology has provided a driving force in the 

development of various high-resolution microscopy techniques in order to learn more about 

nano materials using a beam of highly energetic electrons to probe objects on a very fine scale. 

Among various electron microscopy techniques, SEM is a surface imaging method, fully 
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capable of resolving different particle sizes, size distributions, nanomaterial shapes, and the 

surface morphology of the synthesized particles at the micro and nanoscales. Using SEM, we 

can probe the morphology of particles and derive a histogram from the images by either by 

measuring and counting the particles manually, or by using specific software. The combination 

of SEM with energy-dispersive X-ray spectroscopy (EDX) can be used to examine silver 

powder morphology and also conduct chemical composition analysis. The limitation of SEM 

is that it is not able to resolve the internal structure, but it can provide valuable information 

regarding the purity and the degree of particle aggregation. The modern high-resolution SEM 

is able to identify the morphology of nanoparticles below the level of 10 nm (Liu  et al., 2016). 
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3.0 EXPERIMENTAL PROCEDURE 

 

The experimental procedure adopted for the study “Wound healing potential of 

bioactive film incorporated with essential natural polymers and silver nanoparticles of Tridax 

procumbens Linn.” is presented under THREE phases: 

3.1 PHASE I 

3.1.1 Collection of plant sample  

3.1.2 Preparation of methanolic extract 

3.1.3 Preparation of silver nanoparticles 

3.1.4 Exposure to sunlight 

3.1.5 Separation of silver nanoparticles 

3.2 PHASE II 

3.2.1 Preparation of chitosan solution 

3.2.2 Preparation of gelatin-PVA solution 

3.2.3 Preparation of chitosan – gelatin-PVA solution 

3.2.4 Preparation of formaldehyde cross-linked chitosan-gelatin-PVA solution 

3.2.5 Preparation of the bioactive film 

3.3 PHASE III 

       3.3.1 Characterization of the bioactive film 

I. Moisture content 

II. Water absorption capacity 

III. Solubility of the film 

IV. Swelling degree 

V. Fourier-Transformed Infrared spectroscopy  

VI. 3D Surface active analysis 

VII. Thermogravimetric analysis 

VIII. Scanning electron microscopy 

3.1 PHASE I 

3.1.1 Collection of plant sample 

The leaves of the plant sample were collected from the local areas of Coimbatore, Tamil 

Nadu. 
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3.1.2 Preparation of methanolic extract  

Fresh leaves of T. procumbens were collected and cleaned to remove adhering dust 

particles, washed under running tap water, gently blotted dry using tissue paper. 10g of leaf 

sample was weighed, cut into small pieces and added to 100 ml of methanol. This was stored 

in dark with mild shaking for 24 hrs. The mixture was then filtered through Whatman No. 1 

filter paper. The final extract was stored at 4º C for further experiments. 

3.1.3 Preparation of silver nanoparticles  

Silver nanoparticles were prepared from the methanolic extract of T. procumbens 

leaves. To 10 ml of the leaf extract 90 ml of 1mM silver nitrate solution was added (Donda et 

al., 2013). The extent of nanoparticles synthesis was monitored by measuring the absorbance 

at 400-600 nm (Donda et al., 2013). 

3.1.4 Exposure to sunlight  

The methanolic extracts of T. procumbens with silver nitrate were exposed to sunlight for about 

20 mins (Sulaiman et al., 2013). 

3.1.5 Separation of silver nanoparticles  

To separate the synthesized silver nanoparticles, samples were centrifuged at 5000 rpm 

for 1 hr under refrigeration and wasted three times with deionized water. A dried powder of 

the silver nanoparticles was obtained by hot air oven drying. The process was repeated to obtain 

required amount of silver nanoparticles. The separated silver nanoparticles were stored for 

future experiments. 

3.2 PHASE II 

            The bioactive film was prepared by the casting method (Madhavan et al., 1999). 

3.2.1 Preparation of chitosan solution 

            Chitosan solution was prepared by dissolving 3.0 g of chitosan in 1% aqueous acetic 

acid solution by stirring on a magnetic stirrer (500 rpm) at room temperature for 5 hrs.  

3.2.2 Preparation of gelatin-PVA solution 

              2.0 g of polyvinyl alcohol (PVA) was dissolved in the 70 ml of the distilled water and 

heated for 5 mins and stirred well in magnetic stirrer at 45o C for 30 mins. 3.0 g of gelatin was 

dissolved in the hot PVA solution and stirred again in the magnetic stirrer for 15 mins.  

3.2.3 Preparation of chitosan – gelatin-PVA solution 

              The chitosan solution and gelatin-PVA solution was mixed by stirring on the magnetic 

stirrer at 45oC for 1 hr.  
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3.2.4 Preparation of formaldehyde cross-linked chitosan-gelatin-PVA solution 

               1.0 ml of ethylene glycol was added to the mixture and mixed well and the 0.35 ml 

of 25% formaldehyde was added. 30.0 mg of the silver nanoparticle synthesized from 

T.procumbens was added to this solution and degasified for 5 hrs to remove air bubbles. 

3.2.5 Preparation of the bioactive film 

              The contents were then casted over on a polyethylene sheet and left for air drying to 

form a film. Drying may take 5-7 days. 

Figure 5: C-G-PVA and silver nanoparticles of T. procumbens  

cross-linked with formaldehyde composite film 

                                                

3.3 PHASE III 

3.3.1 Characterization of the bioactive film 

              The film formed were characterized for the water absorption capacity, moisture 

content, solubility of the film, 3D surface active analysis, Thermogravimetric Analysis, 

Fourier-Transformed Infrared Spectroscopy and Scanned Electron Microscopy. 

                   Tensile strength measures the ability of film to with stand rupture, mechanical 

pressures or the force required to break the film. Tensile strength of the blank films and 

optimized drug loaded film was determined by using the instron tensile testing machine at 

SDDC section in CLRI (Niyas Ahamed et al., 2011). It is of utmost importance, if they are 

used for biological applications and wound healing. It is used to measure the capacity of film 

to absorb wound exudates. The initial weight of 1inch of dry film was noted. Then this film 

was placed in 15ml of distilled water taken in petriplate. The weight of the film was noted 

periodically at first hour, second hour, third hour and 24th hour. Every time after noting the 

weight, the film was placed in fresh water. (Hima Bindu et al., 2011). Water absorption 

capacity of the film was calculated using a formula 
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Water absorption capacity =     Final weight - Initial weight      ×   100 

                                                                                  Initial weight 

The films were cut into 2cm×2cm pieces for the determination of solubility and 

swelling degree. The pieces were dried at 105°C to constant weight to obtain the initial dry 

mass (M1). Then, they were placed in 100 ml beakers with 50 ml distilled water covered with 

plastic wraps and stored at 25°C for 24 h. Next, the films were dried superficially with filter 

papers and dried at 105°C to constant weight to obtain the final dry mass (M2) (Sun et al., 

2017). Then, the solubility was calculated using the following equation: 

Film solubility =  1−𝑀2   ×   100 

                                                                               𝑀1    

The films were put into 50ml beakers with 30ml distilled water for 24h at 25°C after 

weighing the films (M1). The wet films were then dried superficially with filter papers, 

followed by weighing the wet films (M2). The swelling degree was calculated using the 

following equation: 

                                             Film swelling degree =   𝑀2−𝑀1   ×   100 

                                                                                         𝑀1                                

FTIR is able to provide accuracy, reproducibility, and also a favorable signal-to-noise 

ratio. By using FTIR spectroscopy, it becomes possible to detect small absorbance changes on 

the order of 10-3, which helps to perform difference spectroscopy, where one could distinguish 

the small absorption bands of functionally active residues from the large background 

absorption of the entire protein FTIR is able to provide accuracy, reproducibility, and also a 

favorable signal-to-noise ratio. By using FTIR spectroscopy, it becomes possible to detect 

small absorbance changes on the order of 10-3, which helps to perform difference spectroscopy, 

where one could distinguish the small absorption bands of functionally active residues from 

the large background absorption of the entire protein (Xi-Feng Zhang et al., 2016). 

The thermogravimetric analysis was carried out using GENER V4 IC POINT 2000 in 

nitrogen atmosphere at a heating rate of 10°C per minute. Primary weight change of these 

materials as a function of temperature was recorded using this study (Sharma et al., 2017).The 

morphological features of synthesized C-G-PVA with crosslinked with formaldehyde were 

studied by Scanning Electron Microscope. The film was coated using an ISU JFC-1100E under 

a high vacuum, 0.1 Torr, high voltage,1.2 KV and 50 mA (Liu et al., 2016) 
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4.0 RESULTS AND DISCUSSION 

 

The results of the present study entitled “The wound healing potential of bioactive film 

incorporated with essential natural polymers and silver nanoparticles isolated from Tridax 

procumbens” was carried out with the objective of producing a novel biomaterial and 

characterizing it for moisture content, water absorption capacity, solubility of the film, swelling 

degree, 3D surface analysis, Thermogravimetric Analysis, Fourier-Transformed Infrared 

Spectroscopy, Scanning Electron microscopy. 

The different studies carried and the results obtained are discussed in this chapter as 

follows: 

4.1 MOISTURE CONTENT 

The moisture content of the film was presented in the table. 

Table 1: Moisture Content of C-G-PVA 

silver nanoparticles of T. procumbens film 

 

S.NO SAMPLE INITIAL WEIGHT (g) FINAL WEIGHT(g) RESULT 

1 C-G-PVA 0.2113 0.1286 39.139 

 

The above observation indicates that the moisture content of the film may be due to the 

lower bonding strength found in the composite. 

(Taylor et al., 1997) have reported that the moisture content estimates determined for 

film coated seeds were less than those made for the non-coated seeds, particularly with film 

coating. The lower moisture content values may be attributed to low water holding capacity of 

the coating. Perhaps the film material added dry weight to the seed without significantly 

contributing to its moisture content. If this were the case, film coating may have had a greater 

build-up of material than the other films. 

(Hamilton et al., 2014) have showed that the residual cavities may lead to reduced rain 

penetration and higher inner stretcher temperature resulting in lower moisture content, which 

in turn will result in lower local thermal conductivity. 

From the above discussed film based moisture content, chitosan gelatin-PVA 

incorporated with silver nanoparticles of T. procumbens  film has lower bonding strength found 

in the composite. 
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4.2 WATER ABSORPTION CAPACITY 

Water absorption capacity of the C-G-PVA were determined and the results are 

presented in table. 

Table 2: Water Absorption Capacity of C-G-PVA 

silver nanoparticles of T. procumbens film 

 

  It can be observed from the tabulated values that C-G-PVA transgels have shown higher 

water absorption capacity and the film was stable in water even upto 24 hours. Chitosan, gelatin 

and PVA transgels were disintegrated within one hour.The initial weight (M1) higher than 

compare to 24th hour time intervel water capacity (M2) may due to the less interaction of the 

hydrophilic groups found on the backbone of complexes with cross linking agents 

formaldehyde. 

 (Pereda et al., 2009) have repoted that the strong interactions between caseinate and 

chitosan in forming polyelectrolyte complex films lead to fewer sites in the polymer matrix at 

which water can be held, and they are responsible for the reduced final water content. 

 The chitosan gerlatin-PVA film composite have stronger interactions as suggested by 

Pereda. 

4.3 SOLUBILITY OF THE FILM 

The solubility of the film was determined and the results are presented in the table. 

Table 3: Solubility of the film of C-G-PVA 

silver nanoparticles of T. procumbens film 

S.NO SAMPLE HOURS 

(TIME 

INTERVAL) 

INITIAL 

WEIGHT 

(g) 

FINAL 

WEIGHT(g) 

RESULTS 

(g) 

 

1 

 

C-G-PVA 

I Hour  

0.1756 

0.6856 290.43 

II Hour 0.7124 305.69 

III Hour 0.7220 311.16 

XIV Hour 0.8053 358.60 

S.NO SAMPLE INITIAL 

WEIGHT (M2) 

(g) 

FINAL WEIGHT 

(M2) (g) 

RESULT 

(g) 

1 C-G-PVA 0.2486 0.1655 33.427 



22 
 

 

The result reveals that the solubility of the film was decreased over the incubation 

period of time and the final result shows that the solubility of the film was found to be 33%. 

 (Shieh, 1999) have reported that the high permeability of smaller molecules such as 

He and H2 arises from their high diffusivity, whereas a larger molecule such as CO2 is highly 

permeable because of its high solubility in the film. The low permeability of N2, on the other 

hand, is attributed to both a low diffusivity and a low solubility in the film. 

 (Norman et al., 1963) have reported that the solubility of zinc phosphate cement was 

generally greater in dilute acetic acid than either silicate or zinc oxide- eugenol cements. The 

silicate cements, however, were more soluble in citric acid. Zinc oxide- eugenol was less 

soluble in water than were the other materials. 

From the above discussed solubility of the film, C-G-PVA was less permeable while 

comparing Shieh and Norman. 

4.4 SWELLING DEGREE 

The swelling degree of the film was determined and the results are presented in the 

table. 

Table 4: Swelling degree of C-G-PVA and 

silver nanoparticles of T. procumbens film 

 

It was observed from the above tabulated values that the swelling degree of the film 

was increased during the incubation period of 24 hours and the results shows that the film has 

higher swelling capacity. 

 (Tanigami  et al., 1995) have reported that the swelling rate is an exponentially 

decreasing function of X. The degree of crystallinity must have varied during swelling 

depending on the solvent composition, swelling temperature and initial crystallinity. So the X, 

values indicated are thought to be higher than those of once fully swollen films. 

 From the above discussed swelling degree of the chitosan composite reveals that the 

film have higher swelling degree property as indicated by Tanigami. 

 

 

S.NO SAMPLE INITIAL WEIGHT 

(M1) 

(g) 

FINAL 

WEIGHT (M2) 

(g) 

RESULT 

(g) 

1 C-G-PVA 0.1890 0.7610 302.65 
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4.5 FOURIER TRANSFORM INFRA-RED SPECTROSCOPY 

The Fourier Transform Infra-red (FTIR) spectrum of the film showed a absorption band 

between 2000 – 2500 cm-1. 

Figure 6: FT-IR Spectrum of C-G-PVA 

silver nanoparticles of T. procumbens 

 

 

 FTIR spectroscopy was performed to investigate the intermolecular interaction between 

C-G-PVA that was related to the physical and mechanical characters of the films, and the 

spectra are shown in Figure 6. The broad peaks 3340.71 and 3178.69 cm-1 were the stretching 

vibration of  free hydroxyl group and it always overlaps with the stretching of  N-H bonds in 

amino group. The peak at 2360.87 cm-1 were attributed to the vibration absorbance to C02  

besides, the peak at 1411.89 cm-1 to phenol ring besides, the peak at 1033 absorbance of the  

C-O-C groups, the peaks at 1735.93 were the stretching vibration of C=O, the peaks at 678.94 

cm-1 halogen compound (C-Br) respectively. It should be noted that there were obvious 

reflectance peaks for chitosan- gelatin at the wavelength where chitosan film showed 

characteristic peaks, suggesting that the effects of FTIR spectrum of PVP itself on that of 

chitosan could be excluded. 
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(Xie et al., 1992) reported that the spectrum of the as-prepared film has strong 

absorption bands near 2100, 914, and 640 cm-1 that are associated with the stretching, bending, 

and wagging vibrations of - SiH,(x = l-3) groups, respectively. An Si-0-Si feature at 1100 cm-

1 is also-evident which grows upon aging to become a dominant feature in the spectrum. After 

air exposure, new bands are observed at 2250, 2200, and 870 cm-1  

 (Morent et al., 2008) have reported that the plasma treatment of PP leads to the 

incorporation of C–O, C O and O–C O groups. Therefore, it is believed that the broad OH peak 

is owing to the OH-groups of alcohols and carboxylic acids, while the C O peak confirms the 

presence of aldehydes, ketones and carboxylic acids on the surface.   

 (Gulmine et al., 2002) have reported that the represented graph shows the same 

absorptions, varying only in terms of intensity, which can be attributed to differences in film 

thickness. In the region 1300– 1400 cm_1 is displayed using an enlarged scale, and one can 

clearly see differences in the absorption pattern of the samples. Three bands assignable to CH2 

and CH3 groups are present: band I at 1377 cm_1, band II at 1366 cm_1 and band III at 1351 

cm_1. 
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4.6 3D SURFACE ACTIVE ANALYSIS 

 The 3D surface active analysis of the C-G-PVA composite film was done and the result 

was explained as below. 

Table 5: 3D surface active analysis of C-G-PVA  

 silver nanoparticles of T. procumbens film 

 

 

 

 

 

 

 

 

 

Figure 7: 3D surface active analysis of chitosan-gelatin-PVA 

silver nanoparticles of T. procumbens film 
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Table 6: Markers of 3D surface active analysis of C-G-PVA  

silver nanoparticles of T. procumbens film 

 

Figure 8: Markers  of chitosan-gelatin-PVA 

silver nanoparticles of T. procumbens film 
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Figure 9: 3D surface active analysis of C-G-PVA  

silver nanoparticles of T. procumbens film 
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Figure 10: 3D analysis of chitosan-gelatin-PVA 

silver nanoparticles of T. procumbens film 

 

 3D surfaces of the C-G-PVA composite film was analyzed. Figure 8. reveals that the 

composite film has shows the percentage of contaminants and impurities inbetween 48 and 52 

µm and the Figure 9. Shows the surface treatments to the depths of tens of microns at the same 

range. Depth analysis of the film which was shown in the images of Figure 10. Clearly 

represents the characterization of layer structure, buried feature and surface treatments that 

visualizes the indepth of the film. Figure 11. Represents that the film was compactible with 

retrospective 3D mappingof the depth profile. 

(Xagas et al., 1999) have reported that the difference in surface parameters is clearly 

reflected in the photocatalytic behaviour. The photocatalytic performance of the TiO2 films 

may be affected by the crystalline structure of TiO2 (anatase has always shown a much higher 

activity than rutile, in the presence of O2). However, in our case, this influence seems minor. 

On the contrary, the TR films which exhibited the best photocatalytic efficiency present 

rougher and more textured surface features and notably higher specific surface area. 
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 (Peter de Groot, 2007) have reported that the instrument as described here operates with 

a narrowband light source, which can be a useful configuration at high magnifications using 

non achromatic optics. The basic concept extends to the more general case of non zero spectral 

bandwidth using the more extensive mathematical analysis. For highest accuracy, we often 

make use of this more detailed analysis even for narrow-bandwidth light sources where the 

interference phenomena are dominated by the objective NA but are nonetheless influenced by 

the spread in wavelengths. 

4.7 Thermogavimetric Analysis (TGA) 

Figure 11: Thermogavimetric Analysis of C-G-PVA 

silver nanoparticles of T. procumbens film 
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Figure 12: Thermogavimetric Analysis of chitosan-gelatin-PVA 

silver nanoparticles of T. procumbens film 

 

 Thermogravimetric analysis of the film composite was done for absoption, adsorption 

and desorption and also to measure temperature over time. The consistent with the higher 

amorphous phase content of DTAuV with a mass-gain rate of 84.3%/227.3C. The mass gain 

rate was evaluated as the slope of the TGA trace at the mean temperature of each region. So 

the data was sufficient to draw a conclusion regarding the effect of flow rate on oxidation rate. 

 (Motta et al., 2002) have reported that  the consistent with the higher amorphous phase 

content, the AC film in region I lost more water and much faster than ACMe OH and AC80, 

with a mass-loss rate of -0.11%/8C versus -0.07 and -0.05%/8C, respectively. The mass-loss 

rate was evaluated as the slope of the TGA trace at the mean temperature of each region, 

therefore expressed in wt.%/8C. 
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4.8 Scanning Electron Microscopy 

 The C-G-PVA composite was analyzed by Scanning Electron Microscopy and the 

result was reported below. 

Figure 13: SEM images of surface morphology of the C-G-PVA  

silver nanoparticles of T. procumbens composite film  

 

 

Figure 14: Elements present in the C-G-PVA silver nanoparticles of  

T. procumbens composite film analyzed by SEM  
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Figure 15: Elemental representation in the C-G-PVA silver nanoparticles of  

T. procumbens composite film analyzed by SEM  

 

 Scanning Electron microscopy of cross-linked C-G-PVA silver nanoparticles of T. 

procumbens was shown Figure 14. The results revealed that the cross-linked film composite 

was regular with randomly distributed spiral like structure. Many elements was present in the 

C-G-PVA composite film such as Na, Mg, Si, Ca that possesses nutrient advantage of the film. 

 (Phisalaphong, 2008) have reported that the BCC and BC film refers to BC film with 

and without the addition of chitosan in culture medium, respectively. BCC-MW 30,000 and 

80,000 referred to sample of BCC films with the supplement of chitosan ofMW 30,000 and 

80,000, respectively. The image reveals the well-organized fibril networks of BC and BCC 

films. By adding 0.75% chitosan, the obtained films were significantly denser as demonstrated 

in BCC-MW 30,000 and BCC-MW 80,000. The apparent BCC films were thicker and denser 

related to the chitosan content. 
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5.0 SUMMARY AND CONCLUSION 

 

The rapid development of fish industry in recent times have contributed a lot of wastes 

expecially exoskeleton wastes which are thrown as such, these wastes are biodegradable and 

can be recycled and used for various applications. One such was the chitosan which was 

purified from the shrimp shells and used as a natural polymer in preparing a bioactive film for 

wound healing. 

Silver nanoparticles of T. procumbens was prepared and chitosan-gelatin-PVA 

crosslinked with formaldehyde and silver nanoparticles of T. procumbens and cast into film 

and then dried. The film was removed and denoted as C-G-PVA. 

The film prepared was characterized for their moisture content, water absorption 

capacity, solubility of the film, swelling degree, Fourier Transformed Infrared Spectroscopy, 

3D surface active analysis, Thermogravimetric Analysis and Scanning Electron Mcroscopy. 

Each characterization reveals that the film was highly permeable and the film prepared was 

only a blend and there was no chemical reaction between the individuals of the composite. 

From these studies, it can be concluded that the crosslinked C-G-PVA composite have 

shown a better moisture content, water absorption capacity, solubility of the film and swelling 

degree while comparing other un-crosslinked flims of various sources. The FTIR, 3D surface 

active analysis, TGA and SEM study, it can be concluded that the chitosan, gelatin and PVA 

composite was more biodegradable, because of less thermosstability of the composites which 

in turn reflects its low mechanical property as evidenced by water absortion capacity and 

solubility of the film. 

Altogether the present study demonstrated that the bioactive film impregnated with the 

silver nanoparticles of T. procumbens which have a good wound healing potential incorporated 

with chitosan, gelatin and polyvinyl alcohol cross-linked with formaldehyde possesses an 

effective study on wound healing. However, future studies have to be carried out to find out 

the efficacy of in vivo activity using animal models. 

Recommendation for future study 

1. Antimicrobial, antibacterial, antioxidant activity can be studied. 

2. X-ray crystallography, Nuclear Magnetic Resonance spectroscopy studies can be 

carried out to study the internal structure of the composite.  

3. Animal studies can be carried out to confirm the biochemical, toxicological, 

pharmacological and immunological properties of the films. 
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