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ABSTRACT 

 

One of the essential components of every food product is the packaging material used. Common 

people and consumers generally discard off this packaging material (films/wraps/boxes etc.) and 

are not aware of the effects which these materials cause on the surrounding environment. This 

research work aims to design a packaging film which is biodegradable, inert to the food material 

packed inside it, easily disposable, has microbial barrier properties and can preserve the food 

material for a considerable period without any adverse effects. 

 

For this, silver incorporated gelatin-alginate composite films are prepared using solely a green 

method of approach where the extracts of leaves of lamboo tree (Khaya anthotheca) have been 

used as the reducing agent. The polyphenol and antioxidant compounds present in the leaf 

extracts of lamboo tree reduced the molecular silver into silver nanoparticles. 

 

For silver nanoparticles which were obtained by the reaction of lamboo tree leaf extract with 

silver nitrate, during their analysis in UV-visible spectroscopy the starting and ending 

wavelength range was kept between 200-700 nm respectively. The surface plasmon resonance 

band (SPR) was found at 437 nm. From the results obtained, it was seen that with increase in 

amount of leaf extract the absorbance increased as well as the sharpness and height of the peaks 

obtained. Gelatin and sodium alginate were mixed in double distilled water. Polyethylene glycol 

was used as a plasticizer. Different proportions of these two mixtures were combined in different 

ratios. The previously made silver nanoparticle was used in some of the proportion mixtures of 

Na-alginate and gelatin. 

 

For each set of films analysis was done for hardness, solubility, shelf life of food packed in the 

films and microbial barrier properties of the films. The results showed that for composite films, 

hardness increased with the amount of silver nanoparticle being added to it whereas for films 

devoid of NPs, the hardness fell sharply after reaching a maximum value. Fresh tomatoes and 

grapes being packed in the NP incorporate d films showed better retention in its properties than 

tomatoes and grapes in gelatin-alginate films devoid of NPs. For antimicrobial properties, 

Escherichia coli and Staphylococcus aureus was inoculated on both the films along with nutrient 

agar plate as a reference model. After incubation for 24 hours at 38°C, no observable growth was 

observed on any of the composite films. Positive results were observed for solubility as well 

where 73.92% (almost 74%) solubility was found for NP incorporated films. 

 

Therefore, the above composite films obtained with combination of silver nanoparticles along 

with combination of sodium alginate and gelatin can serve as suitable packaging films for food 

products. 

 

Keywords: - Lamboo tree, leaf extract, silver nitrate, spectroscopy, sodium-alginate, gelatin, 

polyethylene glycol, nanoparticle, composite films. 
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INTRODUCTION 

 

Noble metal Nanoparticles and their production by using “Green synthesis”: - 

 

“Nanoparticles” as the term suggests itself defines it as certain materials whose identity is mainly 

thought of by their dimension meaning any material belonging to the nano range (1 to 100 

nanometers). There are different types of materials that can be transformed into their 

nanomaterial formation. There are materials which being very much unstable in their 

nanoparticle formation are generally not obtained in the pure form, instead they are obtained as 

nanomaterials in the form of their oxides amongst which nanoparticle oxides of silicon, titanium 

and aluminum are prominent ones as shown by the works of [1]. When study was done with 

certain noble metals was done it was found that the nanocomposites of these metals were much 

more stable in their nano formation and also portrayed better and enhanced functional properties 

compared to the large parent metal itself. Some of the notable noble metals in this context are 

gold, silver and platinum as observed by the works of [2]. 

Now when discussing about the methods for the synthesis of nanomaterials different studies have 

shown different methods amongst which if summarized, there are three main approaches for the 

synthesis of nanomaterials which are divided into three categories such as physical methods, 

chemical methods and biological methods as showed by the works of [3], [4] and [5]. 

 

In this work, biological method is used for the generation of silver nanoparticles form silver 

nitrate solution using the leaf extracts of lamboo tree (Khaya anthotheca). There are many 

positive aspects of the biological method or green synthesis of noble metal nanoparticles 

compared to the physical and chemical methods which are discussed in different research works. 

From the works of [6] the report obtained shows that biological methods are environment 

friendly as they are devoid of the application of any hazardous chemical components. The works 

done by [7] also state that the noble metal nanoparticles which are obtained by green synthesis 

are much more stable as they are produced using a single step method along with which the 

biological components that are used for the synthesis of the nanoparticles they themselves 

perform reducing action as a result of which the total cost of the nanoparticle generation 

procedure becomes economically more feasible as stated in the works of [8]. Although certain 

works and researches done show that the biological or green synthesis method has two major 

defects including the first one that biological species used whether microorganisms / plants / 

fungi etc. are dependent on the natural vegetation, overall climatic condition and the type of 

ecosystem prevailing in a particular area which is different and varies from one place to another. 

Therefore it is always not possible to obtain the desired biological agent to be used for 

nanoparticle synthesis everywhere in all parts of a particular area, [9]. As the green synthesis 

method uses reducing agents of organic origin therefore for strong type of metals at times it 

happens that the nanoparticles are not obtained, the reason being the components obtained are 

not very powerful reducing agents. But when compared with physical and chemical methods, in 

overall aspect biological method or method of green technique is a better and effective choice 

mainly due to three important points which are safety towards the environment, absence of using 

of any toxic and hazardous chemical components, no need of high amount of energy or pressure 

to be added separately and thus maintain and keeping the budget of the entire nanoparticle 

generation process within the desirable economic limit, [10]. 
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When discussing about the biological methods, then again there comes different ways for the 

production of nanoparticles which is a result of the presence of different agents that are used in 

this green synthesis method. The works done by [11] clearly mention that there are four main 

agents under the green synthesis techniques which are bacterial agent, fungal agent, and algal 

agent and plant agents. Some researchers also show that even agents such as agricultural wastes 

if properly utilized can be used for the green synthesis of nanomaterials, [12]. Certain works also 

show that enzyme oriented mechanism helps in the suitable production of nanomaterials as well, 

[13]. One of the main reasons include that green synthesis using plant sourced agent is a mono-

step method, devoid of any pathogenic contamination and cost reducing because for certain 

species of microbial cultures their appropriate substrate is needed to be provided and proper 

growing parameters along with storage conditions which lead to an increase in the cost of the 

entire process. For enzymatic agents also, the requirement of appropriate storage of the enzymes 

and gradual depreciation in their functionality and the process is to be controlled very accurately 

in order to maintain the appropriate temperature so that the enzyme functions properly, [14]. 

 

There are different components of the plant part which are utilized for synthesis of nanoparticles 

such as roots, flowers, leaves, barks etc. Generally plant parts are enriched with certain 

components such as alkaloids, phenolic materials terpenoids which play the main role by 

performing the reducing function and thereby producing metal nanoparticles amongst which 

silver nanoparticles is a major one, [15]. Different works show different methods by which plants 

help in the generation of noble metal nanoparticles. The extracts obtained from plat sources 

perform the biotrimming function of the metal ions to form the nanoparticles and as a result 

certain benefits are obtained such as the shape and size of the nanoparticle can be easily 

monitored by proper monitoring of the pH of the reacting system and the temperature as 

well,[16]. The very important question that arises is whether every species of plants and their 

parts such as roots, leaves, stems, flowers etc. are capable of bioreduction of the metal ions to 

their nano formation? The answer is that not every plant species has this special property in 

them. There are certain species of plants with which many experiments and researches have been 

done, some of which have yielded excellent results of nanomaterial production whereas some of 

them have provided medium or moderate results and amongst them some provided results those 

are unsatisfactory and not considerable. 

 

Researchers [17] through their works demonstrated that the extracts obtained from Azadirachta 

indica helps in the effective formation of gold and silver nanoparticles that generate very strong 

absorbance when observed in the visible range of wavelength. Research works showed that 

certain plant species which has abundance of phenolic components, alkaloids; terpenoids etc. are 

very much useful in the biological breakdown of large metal ions to their nanomaterial structures 

as reported by the works of [18].Many varieties of indian plants such as C.camphora, Carica 

papaya, C. annum, Geranium indicum, banana peel extract, orange peel extracts etc. have been 

reported as excellent plant originated agents for noble metal nanoparticle production in various 

research works. Therefore, plant species having an adequate amount of the organic components 

such as polyphenols, phenolic derivatives, terpenoids etc. can be used for the biosynthesis of 

noble metal nanomaterial production. Other type of plants may also be used for this purpose and 

nanomaterials may be obtained but the desired amount of yields of the nanomaterials, the 

appropriate shape and size, the required properties for which the synthesis is being done may not 

be fulfilled to the desired state as is obtained for plants with bright colored leaves and flowers 
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and dark colored stems and roots which are an indication of their rich phenolic and antioxidant 

content. Methods of preparation of nanomaterials are generally categorized mainly into two 

divisions based on the approach through which they are synthesized which are known as top-

down approach and bottom up approach, [19]. The top-down approach is a particular method or 

approach which follows the sequence of preparation of the nanoparticles where the parent bulk 

materials are first broken down into smaller fragments and then gradually they are broken down 

into their nanoscale components, [20], [21]. 

 

Methods and approaches of Production of Nanoparticles: - 

 

As discussed earlier, the three ways of nanomaterial production include physical, chemical and 

biological procedures based on the source agent that is being used. As shown by research works, 

in the method of attrition large macro particles are being continuously stroked and made to grind 

around themselves by the use of extensive force and pressure generally as it is observed in a ball 

milling process, as a result of which the parent particles which are massive in dimension, due to 

constant self striking are gradually broken down into fine particles which are later separated by 

different filtration methods and collected, [22], although this should never be taken into 

consideration that method of top-down approach is only restricted to physical procedures, often it 

involves chemical methods as well but the basic difference lies that the starting area deals with a 

mammoth sized parent material which operates with huge amount of mechanical forces and the 

larger material is being fragmented out to its nanoparticle formation,[23]. In bottom-up approach 

as described by research works, the atoms / molecules are assembled among themselves in order 

to form the nanomaterial [24], that is here the self generation starts from the nano-range 

dimension only and gradually it proceeds to obtain the desired nanoparticle in its actual required 

state. Bottom-up approach technique has certain benefits when it comes to the question of 

nanoparticle formation, as research works show that by using this approach, nanoparticles which 

are formed are found to have less defects, uniform chemical composition and small amount of 

contamination from any toxic or undesired components, [25].   

 

Certain methods come under the category of bottom-up approach such as nanoparticle formation 

by sol-gel technique, biosegregation or bioreduction, aerosol process etc. [26]. While using the 

top-down approach, a considerable quantity of waste material generation is present from the 

parent material due to application of high mechanical forces and pressure which are not utilized 

during the nanomaterial formation, which is absent in case of bottom-up approach as the process 

is self-assembly oriented as well as by bottom-up approach, nanoparticles generated can be 

obtained in accurate shapes devoid of any cracked or ununiform points and rough surfaces 

compared to top-down approach which results in nanomaterials with crooked and uneven pointed 

surfaces [27]. Although certain works show that in top-down approach the cost is comparatively 

lower as there is no investment of large funds required as that of bottom up approach [28] and in 

top-down approach the shape and size of the product can be monitored but when it comes to the 

question of better fabrication, uniformity and homogeneity of the nanoparticles produced with 

minimum number of imperfections , energy efficient and economically feasible in the long run 

then bottom-up approach is always to be chosen [29].  
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Nanoparticle production by using plant extracts and selection of the appropriate plant 

species: - 

 

Now when coming to the process of using the plant extracts for nanoparticle production the most 

common and effective method which comes forward is, that the extract is normally mixed with 

the metal solution at ambient room temperature condition and the reaction is completed within a 

couple of minutes, [30]. Certain noble components such as gold and silver are obtained by using 

this phenomenon, although for certain metal solution and extract mixtures it may require to be 

placed in a moderate warm water bath generally when the experiment is being carried out in 

monsoons or winter seasons as the room temperature being lower the reaction time takes 

comparatively more time. The previous agents mentioned are extreme rich sources of 

polyphenols and antioxidants, which play the main role in the simple monostep and ecofriendly 

process of forming nanomaterials from bulky noble materials, [31]. The important question is of 

availability of the parent material in a large geographical scale and throughout the year 

irrespective of all adverse climatic and environmental conditions. The previously discussed 

materials used are although cheap and easily available at certain parts of a particular locality but 

when considering a larger area then many parameters are to be considered such as for using tea 

as a material for obtaining the extract, the problem comes that a considerable time is required for 

the proper cultivation, growth and harvesting of tea after which it can be obtained as a green 

source for nanoparticle production, different climatic conditions are observed in the country 

which play a vital role in the cultivation of good quality tea products which is a very essential 

factor, because poor quality parent plant sources are devoid of sufficient levels of strong 

polyphenol concentration as a result which cannot be utilized for obtaining nanoparticles as per 

the requirement, [32], [33] and in India, the north-east parts of the country are the major 

producers of tea [34], therefore obtaining of good quality tea products from north-eastern parts to 

other distant parts of the country for nanoparticle production will involve a considerable hike in 

the transport costs which will increase the overall cost of the process. 

 

Selection of “Khaya anthotheca” (Lamboo tree) leaf extracts for green synthesis of AgNPs: - 

 

Therefore considering the above factors it is essential to select a suitable plant species which is 

devoid of all the above mentioned defects and the disadvantages therefore lamboo tree, 

scientifically called “Khaya anthotheca” is selected for the following research work which 

belongs to the family of Mahogany trees, a species of plants growing almost in all the major 

parts of India such as Maharashtra, Kerala, West Bengal, Tamil Nadu, Bangalore, Karnataka etc. 

[35] and this particular plant has ability to grow effectively in places having an average yearly 

temperature of 28°C and places as high as 1500m above sea level, [36]. Along with these 

properties, it is also observed from various research reports that this species of plants can grow 

nicely in a vivid and wide range of soil textures ranging from lateritic soil, metamorphic soils, 

alluvial soils, soils developed from volcanic eruptions and limestone as well and the very 

significant property is that, plants belonging to the mahogany family do not degrade or hamper 

the quality of the agricultural land in which they are being cultivated, instead these plants are 

very much useful and are recommended to be used for the successful restoration of the fertility 

and the quality of the soil, [37]. Along with this, mahogany species showed equally appreciable 

amount of polyphenol content which were measured using Folin-Ciocalteu method, vanillic 

assay and by using acid/butanol methods. It was observed that components such as gallocatechin, 
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fisetindin and trihydroxyflavan monomers were present as well in Khaya ivorensis species 

belonging to the mahogany family, [38]. Mahogany family is generally represented by seventy 

two of its species among which twelve of them are strictly restricted in the Indian subcontinent 

as a result of which there is very less requirement of importing of raw materials from outside and 

the overall cost can be kept within the limit making the process economically feasible, [39]. 

Different research works suggest that the amount of phytochemical and phenolic components 

that are obtained as a yield from the extraction process during solvent extraction is dependent on 

the procedure of extraction that is implemented along with greatly affected by the type of solvent 

that is being used for extraction purpose, [40] and [41].  

 

Selection of appropriate solvent for extraction of plant components: - 

 

Methanol, ethanol, hexane and water are the typically used solvents to be used in solvent 

extraction procedures for obtaining phenolic components from plant materials. Research works 

show that the yield percentage of the phenolic components obtained showed a severe and drastic 

increase in their amount when the solvent medium was gradually changed from only water to 

ethanol in the proportions of 25% (1 : 3 parts of ethanol : water), 50% (1: 1 ratio of ethanol : 

water), 75% (3 : 1 parts of ethanol : water)  gradually in this manner, indicating the better yield 

with the increase in ethanol composition of the solvent, which indicates that a certain appreciable 

amount of non-polar components are present in the plant parts, [42]. The final selection of 

solvent to be used is dependent on the nature and characteristics of the phenolic components 

present in the plant because until it is known that whether the majority of the phenolic 

components present are polar or non polar in nature or semi polar accordingly to which the 

selection of a polar solvent (water), non-polar solvent (ethanol, petroleum ether) or mixed 

solvent (water: ethanol) cannot be made, [43]. 

 

Major polyphenol components whose abundance is observed by researchers in leaves of plants 

belonging to the mahogany species has been reported which include many polar water soluble 

components such as flavonols, quercetin, myricetins [44], [45], glycoside derivatives such as 

glycone [46] from which it can be seen that for extraction purpose water can be used as an 

effective solvent. But when green methodologies are to be used then research works suggest 

water as efficient solvent to be used for extraction because the alterations that occur in the 

physiochemical properties of water from ambient to near about critical helps to carry out certain 

extraction processes such as PHWE (pressurized hot water extraction) which is effective and 

beneficial as well [47]. On carrying out the UV-visible spectroscopy, it was seen that the highest 

absorption peak was obtained at near about 430 nm and the spectral range was seen at 200-

800nm range, [48]. 

 

Spectroscopic analysis of AgNPs formed using green-synthesis technique: - 

 

The absorption spectra zone for the silver nanoparticles being produced were generally analyzed 

against water as a reason to control the formation and the firmness of the silver nanoparticles and 

the surface plasmon resonance was obtained at the range of 400-450nm when using 

Megaphyrium macrostachyum as the parent plant material, [49]. The spectral data obtained 

through UV-visible method when carob leaf extract was used, showed that formation of 

nanoparticles took place within a very small span of time, approximately two minutes indicating 
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that carob leaf extract speeded up the bioreduction process as well, [50]. Research work shows 

that the maximum amount of absorbance was noticed at range of 460nm and the silver 

nanoparticles formed as a result of green synthesis when analyzed through UV-visible 

spectroscopy showed that firstly the surface plasmon resonance occurs at 430nm and slowly as 

the reaction proceeds the wavelength shifts slightly and gets its stability at 434nm [51]. 

It was also observed that when samples were analyzed using UV-visible spectroscopy, no proof 

of absorption was obtained when only plant extract samples were observed in the wavelength 

range of 400-800nm but when the same plant extract was combined with silver nitrate, then very 

prominent absorption was observed in the wavelength range of 434 nm for plant extracts 

obtained from cannonball leaf extracts which was in accordance with the other research works 

that showed generally the surface plasmon resonance of silver nanoparticles usually occur at 

wavelength range of 420nm [52]. Silver nanoparticles produced by the method of green synthesis 

was found to maintain their stable nature for a considerable time span of six months without any 

change in the range of wavelength for surface plasmon resonance indicating that the 

phytochemical components present in the plant material acts as bio-reducing agents [53] [54]. 

In the following research work, the silver nanoparticles are mainly produced to be used as 

effective packaging material. Different research works show that in everyday life the usage of 

materials made with plastics has drastically increased which is being observed in the last three 

decades because a major portion of the trade goods and consumer goods are being packed using 

plastic material, where it is found that approximately 40% of the production of plastics are used 

for packaging purpose and out of this 40% half of it is involved in food and beverage industries 

where extensively they are used for the production of trays, cups, films, sheets, wraps, bottles, 

covers, cups, tubs etc. [55] 

 

Detrimental effects of use synthetic packaging materials on environment and mankind: - 

 

Several factors are present for which the use of plastics have become an integral part of different 

industrial and urban sectors which include its firmness in the long run, production costs are much 

lower, good wrapping ability etc. for which companies are still involved in the use of plastics for 

packaging purposes, [56]. Researchers report that soft and light weight plastics, economically 

cheap and having good longevity are the prominent materials which are chosen to be used for 

packaging purposes but there is undoubtedly evidences which show that pollution created by 

plastics severely affect the marine and costal environments, poses serious harm to wildlife, a 

major cause of water pollution and degradation of surface water quality, degrades soil quality 

and releases toxic materials in it, a major cause of floods as it clogs the public water canals and 

runaways and ultimately harms human health and the major problem for which the strict 

prohibition on plastic use is to be took from every sectors of the society is hat irrespective of 

knowing these severe detrimental and ill effects of plastic which is a fact of global concern the 

consumption of plastic continues to inflate and reaches higher levels every year [57] [58]. 

 

Role of packaging films synthesized by using organic polymers in the packaging sectors: - 

 

Here comes into action the role of packaging films designed by the use of organic components 

which have proved to be suitable alternatives to the synthetically manufactured plastic packaging 

items. There is a huge variety of the sustainable biopolymers used for single layer packaging 

purpose, among which the most used ones are starch, polyhydroxyalkanoates and its derivatives, 
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polylactic acid etc. [59]. As to make the properties of the biopolymers better, they can be formed 

into their composite formations or can be encapsulated as well as can be made edible in nature so 

as to reduce the wastage chances and also the antimicrobial properties of the biopolymers can be 

made better, [60]. With the advantage of being ecofriendly materials, these biopolymers can be 

produced from biologically synthesized monomers, can be chemically obtained from polymers of 

bio-origin or directly through extraction process they can be obtained from industrial wastes or 

left over biomass which is the most used way as it leads to the use of waste materials for the 

production of biopolymers and encourages sustainable production methods, [61].   

 

A significant quantity of synthetic polymers are manufactured and processed from certain non-

renewable resources such as coal and petroleum and therefore their production cannot be 

considered as a natural recycling system instead they pose a threat to the non-renewable 

resources and thus are not environment friendly. Research works have showed the advantages in 

terms of different aspects which biopolymers have over synthetic polymers. Biopolymers 

synthesized by using chitosan showed better properties such as economic feasibility, non-toxic in 

nature, safe towards the environment compared to petroleum based synthetically produced 

polymers, [62]. A major concern these days which is always to be thought of reducing is the 

generation of green house gasses, where certain research works show that 50% depreciation in 

the green house gas generations by the year 2050 is very much needed so that the entire global 

temperature can be avoided to be increased by 2°C [63]. The approach of switching towards the 

use of biodegradable polymers or bioplastics for packaging and other purposes is a very 

appropriate and suitable step which can be taken to cut down the chances of global warming and 

reduction of generation of green house gasses [64], [65] and [66]. 

 

Challenges faced by the packaging films produced using biopolymers: - 

 

Irrespective of having many authentic advantages in the field of packaging compared to synthetic 

plastics and polymers, certain research works have shown many deficits in the property of 

biopolymers which put a question mark on the long and uninterrupted use of the biopolymers 

such as water vapor permeability and oxygen permeability, both of which are two very important 

parameters to be strictly controlled when the packaged product is a food item, not all but certain 

biopolymers designed using materials like Chitosan and starch show very weak mechanical 

properties and materials such as gelatin and cellulose show excess hardness and poor bendable 

nature showing that required all parameters of hardness, bending ability, tensile strength and 

flexibility together are not achieved by using one particular or blends of two polymers, being of 

organic origin their chance to self degradation and microbial attack always remains high and thus 

their use in food packaging for long span of time becomes a challenge [67] [68] and [69]. At 

present the formation of polymeric nano particles which are actually colloidal particles obtained 

from polymers have increased because their production is less complex and they are present in 

the form of uniform particle sizes, they have high stable nature due to polymeric matrix rigidity 

and they are biocompatible in nature along with optimized drug release properties [70]. In 

research works which were done to study the antimicrobial action showed by chitosan 

nanoparticles then it was seen that when chitosan nanoparticles where combined with 

polyethylene furanoate (PEF), then the combined action of PEF and chitosan nanoparticles 

together showed a 30% improvement in the antimicrobial activity against Staphylococcus aureus 
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bacterium compared to the antimicrobial effect shown by chitosan nanoparticles individually 

[71]. 

 

Improvement of packaging films made by biopolymers by implementation of NPs and 

other biopolymers: - 

 

Researchers nowadays are more striving towards the implementation of biopolymer food 

packaging instead of using the synthetically manufactured ones, but the main challenge faced by 

the biopolymers are their irregular and varying mechanical properties. This major defect is being 

improved and enhanced by the addition of appropriate nanoparticles in the films resulting in 

formation of bio-nanocomposites which show advances in their mechanical, barrier and 

antimicrobial properties. It was seen that the tensile strength of chitosan-silicon nanocomposite 

films were drastically developed compared to the tensile strength of pure gelatin films and water 

vapor barrier properties of only gelatin films was 25.21 g mm/k Pa m2 day which was seen to fall 

off at 3.30 g mm/k Pa m2 day after the addition of 10% silicon nanoparticle to it [72]. Certain 

works show that the incorporation of cupper sulfide nanoparticles appreciably improved the 

mechanical strength, the water vapor barrier and the ultraviolet blocking properties of the gelatin 

film as well as made the copper sulfide-gelatin nanocomposite to gain and show antimicrobial 

properties to certain species of bacteria such as Escherichia coli and Listeria monocytogenes 

[73]. Another research work showed that with the addition of silicon dioxide nanoparticles to 

sodium alginate/hydrolyzed collagen composite films, the elongation at break point showed 

much better and higher results compared with the sodium alginate/hydrolyzed collagen 

composite films devoid of any nanoparticle added to them [74]. It was also seen in other research 

works that the tensile strength showed a considerable improvement for those sodium 

alginate/hydrolyzed collagen composite films which were incorporated with 10 % silicon dioxide 

nanoparticles by weight whose reason might be due to the strong hydrogen bonds which were 

generated between the carboxylic group of the polymer matrix and the hydroxyl group of the 

silicon dioxide nanoparticles, [75]. 

 

Studies were also done on other biopolymers made with carboxymethylcellulose (CMC) where it 

was observed that the films for packaging which were blended with silver nanoparticles showed 

better thermal stability and tensile properties along with developed antimicrobial properties [76]. 

By inclusion of silver nanoparticles which were produced by green synthesis using honey as a 

reducing agent into the matrix of CMC films, efficient inhibition property of 

carboxymethylcellulose was achieved [77]. Researchers also observed that when alginate and 

silver nanoparticles were implemented together then those bionanocomposites showed greater 

tensile strength, 6.4 times more than only individual alginate films [78]. The rise in the 

mechanical strength, mainly in the tensile properties of the nanocomposite films were mainly due 

to the physical attraction which was created between the nanoparticle which acted as filler and 

the polymer matrix [79]. Works also showed that when bionanocomposite films were made for 

packaging purposes, they showed an increase in their mechanical properties (tensile strength), 

excellent ultraviolet barrier properties and thermal stability which showed that these 

bionanocomposite polymers can be used for suitable food packaging by their effective water 

vapor and ultraviolet barrier properties [80]. Research works also showed that by adding a very 

mild concentration of CMC nanoparticle to the films which were made by sago starch greatly 

improved the physiochemical and heat sealability property of the films compared to the mono 
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sago starch films which clearly indicated that the use of composite films enhances certain 

required properties for packaging than a films which are generated by using a single biopolymer 

[81]. 

 

It was also seen by different research works, where the silver nanoparticles were being produced 

by plasma technique and incorporated into sodium alginate films and their mechanical properties 

on being analyzed showed that alginate silver nanocomposite films (alginate films having 1 mM 

of silver nanoparticles) showed a 40 times more tensile strength than pure alginate films [82]. 

The main explanation of the improvement in the mechanical properties of the biopolymers when 

they are being converted to bionanocomposites with inclusion of noble metal nanoparticles is 

actually due to the interaction which takes place between the base polymer and the nanofiller 

material, which when becomes more the mechanical properties increase [83]. Research works 

showed the enhanced water barrier properties, better thermal stability and good antibacterial 

action against certain gram –ve bacterial species such as Escherichia coli was noticed for 

composite films made by combining flaxseed protein and alginate with silver nanoparticles [84]. 

It was also observed by research works that when along with silver nanoparticles other organic 

antimicrobial agents were incorporated then they showed a combined better effect as observed 

when lemongrass essential oil (LGO) and silver nanoparticles were included in alginate films 

designed for food packaging. It was seen that a synergistic antimicrobial effect was observed 

compared to lemongrass essential oil and silver nanoparticles individually towards two gram +ve 

strains, Bacillus cereus and Staphylococcus aureus and two gram –ve strains such as Escherichia 

coli and Salmonella typhi [85]. 

 

It has been found in research works that when gelatin is included and blended with starch in the 

ratio of gelatin : starch as 1:4 then excellent barrier properties were observed and scanning 

electron microscopy showed good harmony with the composite film showing that compared to 

individual starch film when gelatin was combined the results were better [86]. Biopolymers 

which are made only with starch based materials although posses good barrier and optical 

properties but they lack the enhancement in their mechanical properties as well and to overcome 

these deficits methods such as incorporation of nanoparticles, other copolymers and additives are 

being used to improve the tensile and mechanical properties of starch films [87]. Early research 

works had showed that when films were produced with a combination of two types of 

biopolymers the tensile properties got improved. It was noticed that the elongation break 

percentage increased for starch-gelatin composite films with the increase in gelatin concentration 

of approximately more than 20% by weight [88]. Researches also showed that with an increase 

in the percentage of the starch added (obtained from potato) to gelatin films (which was 

synthesized using chicken liver), a 13.9 times decrease was noticed in the percentage of 

elongation break when the starch content was increased from zero to 6% by weight added [89] 

whereas when composite films were made using alginate and gelatin elongation break percentage 

was observed near about 19% with 50% by weight of gelatin and 50% by weight of alginate [90]. 
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Preparation of Silver nanoparticles by using Lamboo tree leaf extract and silver nitrate: - 
 

Reagents-  

 

Double distilled water (d.d.w), 2mM Silver nitrate (AgNO3) solution, freshly plucked lamboo 

tree leaves. 

 

Equipments and Instruments- 

 

250 ml borosil conical flask, borosil measuring cylinder ( 100 ml capacity), borosil test tubes, 

borosil beakers, Perkin Elmer Lambda 25 UV-Vis Spectrophotometer, Remi magnetic stirrer, 

heating mantle, Mettler Toledo ML 203E Digital Weighing balance, scissors, cotton gauge. 

 

Green synthesis of silver nanoparticles, preparation of Lamboo tree leaf extract- 

 

Lamboo tree leaves were obtained from Lamboo trees planted in the banks of Ganges at Panihati 

on the day the experiment to be done. 2.02 gm of lamboo tree leaves were weighed and cut into 

small pieces. 250 ml of d.d.w was measured and poured in a 250 ml conical flask to which the 

small pieces of the lamboo tree leaves were added and was magnetically stirred by keeping on a 

heating mantle at 55°C for 15 minutes and r.p.m was set at 300 r.p.m. After this, the extract 

along with the leaves were sieved out and was collected in a beaker. 

 

Preparation of Silver Nitrate Solution- 

 

1.9 *10-3 M AgNO3 solution was prepared by dissolving 0.084 gm of silver nitrate into 250 ml 

d.d.w in a 250 ml volumetric flask. 

 

Preparation of Silver Nanoparticles- 

 

The AgNO3 solution prepared was poured in four test tubes and in each test tubes the previously 

prepared leaf extracted was added as per the proportions given in the table below: - 

 

Four samples were prepared as follows: -  

 

Table 01: - 

 

Serial No. Volume of Silver 

nitrate added (ml) 

Volume of 

double distilled 

water added 

(ml) 

Volume of Leaf 

extract added 

(ml) 

Total Volume 

(ml) 

1. Sample 1 10 0 1 11 

2.Sample 2 10 0 2 12 

3. Sample 3 10 0 3 13 

4. Sample 4 0 10 1 11 
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After this the four test tubes were kept to stand still with cotton plugging for 15 minutes at room 

temperature. 

 

Observations: - 

 

Image 1- The below given image shows the changes observed in the four test tubes after they 

were kept undisturbed at room temperature for 15 minutes. 

 

 
Detection of Silver nanoparticles by using UV-visible spectroscopy method: - 

 

The previous samples prepared were taken for UV-visible spectrophotometric analysis. The 

starting wavelength range and the ending wavelength limit were set between 200nm and 700nm 

respectively. Here Sample 4 (sample having only silver nitrate and lamboo tree leaf extract) is 

used as a control setup. 

 

Results and Discussion: - 
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Figure 1- The above image shows the graphical representation of the UV-visible spectroscopic 

analysis of the samples, B-Sample 1, E- Sample 2, D- Sample 3 and F- Sample 4 

 

 
 

Figure 2- Graphical representation showing the increase in the absorbance of the samples with 

increase in the volume of lamboo tree leaf extract added to them. 

 

  Table 02: - 

 

Serial No. Maximum Wavelength (nm) Absorbance Amount of leaf extract 

present (ml) 

1. Sample 1 437 1.827 1 

2. Sample 2 437 2.011 2 

3. Sample 3 437 2.370 3 

 

 

Discussions: -  
 

The graphical data shows formation of silver nanoparticles and with increase in amount of 

lamboo tree leaf extract to the silver nitrate, more absorbance is recorded which indicates the 

more generation of silver nanoparticles. The localized surface plasmon resonance was observed 

at 437 nm which is in accordance with the results obtained by the previous works stating that 

localized surface plasmon resonances observed where for silver nanoparticles generally tend to 

occur within a wavelength range of 410-450nm. For the control setup no absorbance was 

observed, but from the graphical analysis it is seen that small peeks are noticed near the 

ultraviolet region which indicates that this sample may show fluroscence when exposed to proper 

ultraviolet light. 
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Incorporation of Ag-nanoparticles to starch films and analysis of mechanical properties: - 

 

Reagents-  

 

Double distilled water (d.d.w), Starch powder (Merck Life Science Private Limited), 

Polyethylene glycol (LOBA CHEMIE PVT. LTD) 

 

Equipments and Instruments-  

 

REMI 2MLH Magnetic stirrer, heating mantle, conical flasks 250 ml and 100ml (borosil), 

borosil petri plates of diameter 10 cm, laboratory thermometer (Manufactured by LABWORLD, 

Range 0-300°C), TA.XT Express Enhanced texture analyzer manufactured by SMS (Stable 

Micro Systems), Mettler Toledo ML 203E Digital Weighing balance . 

 

Preparation of Starch Solution: -  

 

2 gm of starch was dissolved in 50ml of d.d.w water and was mixed uniformly in a 100ml borosil 

conical flask. In this solution 2ml of 4% acetic acid was added and gradually it was heated from 

room temperature (37°C) to 90°C by keeping it on a magnetic stirrer followed with continuous 

stirring at 500 rpm. Temperature was monitored using a laboratory thermometer. 4ml of 

polyethylene glycol was added in this solution. This heating process was done for one hour.  

 

Addition of the previously made silver nanoparticles of the starch solution:- 

 

After 1 hour, from the above solution, 10 ml of solution was taken five times in five 100 ml 

conical flasks and to each of them silver nanoparticles made previously was added in different 

concentrations and were stirred at 350 r.p.m without any heat treatment until they got uniformly 

mixed which took approximately half an hour. 

 

Casting of Film Solution: - 

 

Each of the five mixtures were now spread on five borosil petriplates and kept at room 

temperature (37°C) for 24 hours for drying. 

 

Table 03: - 

 

Serial No. Vol. of Solution 1 

(ml) 

Vol. of AgNP 

added (ml) 

1. Sample A 10 1 

2. Sample B 10 2 

3. Sample C 10 4 

4. Sample D 20 2 

5. Sample E 20 4 

 

Observation: - Films obtained after drying: - Translucent, light white colored films were 

obtained having smooth surfaces. 
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       Sample A          Sample B       Sample C         Sample D          Sample E 

 

Image 02- Sample A – 10 ml starch solution and 1 ml AgNP, Sample B- 10 ml starch solution 

and 2ml AgNP, Sample C- 10ml starch solution and 4ml AgNP, Sample D- 20ml starch solution 

and 2ml AgNP and Sample E- 20 ml starch solution and 4ml AgNP. 

 

Analysis of mechanical property of the films obtained: - 

 

The films were placed on the analyzing surface of a TA.XT Express Enhanced texture analyzer 

manufactured by SMS (Stable Micro Systems) with the following parameters: - 

T.A Variable No: 1: Compression 

Pre-test speed- 1.00 mm/second 

Test speed- 5.00 mm/second 

Post-test speed- 5.00 mm/second 

T.A Variable No: 5: 0.0gm 

Target mode- Distance 

Distance-10.0mm 

Strain- 75.0% 

Trigger type- Auto (Force) 

Trigger force- 5.00gm 

Probe- P/5   ; 5mm DIA CYLINDER 

STAINLESS 

Points per second- 200 

Test run by – user 

 

Table 04: - 

 

Serial No. Sample Analyzed Hardness (MPa) recorded 

1 Sample A 4.0386 

2 Sample B 4.3264 

3 Sample C 5.2432 

4 Sample D 5.8381 

5 Sample E 6.4775 
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Reference: Films: - Hardness (MPa) Source: - 

1.Films made with coatings 

of Niobium Pentoxide 

6.1 Reference 93 

2.Graphene-Fluoroethylene 

Vinyl Ether composite films 

4.24 Reference 94 

3.Low density polyethylene 

films 

4.1 Reference 95 

4.HDPE-LDPE Composite 

film (20% HDPE and 80% 

LDPE) 

2.47 Reference 96 

 

 

 

 
 

 

Figure 03- Graphical representation showing the increase in the hardness of the starch-silver 

nanocomposite films with the increase in the concentration of the silver nanoparticle added.  

 

Results and discussion-  

 

The above obtained data shows that hardness of the starch films increases with the concentration 

of silver nanoparticles added to it which is a positive indication as packaging films with better 

hardness are recommended to be used as packaging materials as they have more withstanding 

capacity towards external forces. Above graph shows, for three consecutive data the hardness 

increases when the amount of starch solution added remains same i.e 10ml but the amount of 

silver nanoparticle added is increased twice which shows that rise in hardness is due to the 

increase in the amount of AgNP added which were in accordance with the works of [97] and 

[98]. 
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Preparation of sodium alginate and starch composite films: - 

 

Reagents: -  

 

Sodium alginate (Sisco Research Laboratories Pvt. Ltd.), Starch powder (Merck Life Science 

Private Limited), double distilled water, Polyethylene glycol (LOBA CHEMIE PVT. LTD) 

 

Equipments and Instruments: -  

 

Mettler Toledo ML 203E Digital Weighing balance, borosil conical flasks (100ml and 250ml), 

borosil petri plates of diameter 10cm, REMI 2MLH Magnetic stirrer, heating mantle, laboratory 

thermometer (Range 0-300°C), Screw Gauge (Manufactured by Mitutoyo, L.C-0.01mm). 

     

Preparation of Sodium alginate solution: - 

 

3 gm of sodium alginate was weighed and added with 25ml of double distilled water in a 100ml 

conical flask (Solution A). 

 

Preparation of Starch solution: - 

 

2gm of starch was weighed and added with 25ml of double distilled water in a 100 ml conical 

flask (Solution B). Both the solution A and B were magnetically stirred at 40°C (monitored by 

using laboratory thermometer) at 400 r.p.m for one hour. After one hour 4.5 ml of polyethylene 

glycol was added to both the solutions A and B, which will be acting as a plasticizer. 

 

Preparation of the Final Solution, Solution C: - 

 

Now, both Solution A and Solution B were mixed together in a 250ml conical flask and they 

were magnetically stirred for half an hour at 300 r.p.m till both of them got uniformly mixed 

together. 

 

Casting of the Film Solution: - 

 

From Solution C, nearly 12.5 ml of solution was taken four times and spread on four borosil petri 

plates and were kept at room temperature (36°C) for 24 hours and left to dry. 
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Observations: - Films obtained after drying: - 

 

 
 

         Sample 01                 Sample 02                     Sample 03                  Sample 04 

 

Image 03: - The above image shows the starch and Na-alginate composite films obtained after 

drying, white colored films with smooth surface was obtained. 

 

Analysis of thickness of the composite films obtained: - 
 

Here, the amount of film solution being same, thickness was analyzed using a screw gauge and 

the data was recorded. 

 

Analysis of mechanical property of the films obtained: - 

 

The films were placed on the analyzing surface of a TA.XT Express Enhanced texture analyzer 

manufactured by SMS (Stable Micro Systems) with the parameters as described earlier: - 
 

Results and Discussions: - 

 

Table 05: - The following table shows the data obtained for thickness measured using Screw 

Gauge: - 

 

Serial No. Thickness (mm) 

1. Sample 1 0.080 

2. Sample 2 0.084 

3. Sample 3 0.083 

4. Sample 4 0.053 

 

Table 06: - The following table shows the data obtained for hardness measurement using TA.XT 

Texture Analyzer: - 

 

Serial No. Hardness recorded (MPa) 

1. Sample 1 1.8693 

2. Sample 2 1.009 

3. Sample 3 1.199 

4. Sample 4 1.388 
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Reference table (TR) showing the hardness (MPa) of different composite films: - 

 

Reference Films Hardness 

(MPa) 

Source: - 

Gelatin-Corn starch-Glycerin-Papaya-Soy 

protein Composite film 
1.74 Reference 99 

Starch-activated carbon powder composite 

film 

1.64 Reference 100 

Lambda-2-Stannane—nickel (Ni3Sn4) 

intermetallic thin films 

2.11 Reference 101 

Films prepared with polyurethaneurea 0.35  Reference 102 

Bismaleimide-triazine resin films 1.59 Reference 103 

Glass-fiber-reinforced Bismaleimide-
triazine resin composites 
 

2.70 Reference 103 

 

 

Figure 04: - Graphical representation is showing the relationship of the hardness (MPa of the 

Na-alginate-starch composite films with thickness (mm) : - 

 

 
 

 

Discussions: -  

 

The above results show us that as the film thickness increases gradually the hardness increases as 

observed for film 4 and film 1 but with film 3 and film 2 it falls with the increase in thickness 

from where it can be noted that too much thick film has comparatively lower hardness than 

thinner films with the same composition as obtained through the works of [104] and [105].  
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Preparation of Na-alginate and starch composite films with different compositions: - 

 

Reagents: -  
 

Sodium alginate powder, Starch powder (Merck Life Science Private Limited), double distilled 

water, Polyethylene glycol (LOBA CHEMIE PVT. LTD) 

 

Materials and Instruments: -  

 

Mettler Toledo ML 203E Digital Weighing balance, borosil conical flasks (100ml and 250ml), 

borosil petri plates of diameter 10cm, REMI 2MLH Magnetic stirrer, heating mantle, laboratory 

thermometer (Range 0-300°C), Screw Gauge (Manufactured by Mitutoyo, L.C-0.01mm).  

 

Preparation of Na-alginate solution: - 

 

3.5gm Na alginate was added with 50ml d.d.w and heated on a magnetic stirrer at 45°C with 

moderate stirring (250 rpm) for 1 hour. After properly mixing, 3ml polyethylene glycol was 

added to it and stirred for 30 minutes without heating. – Solution X 

 

Preparation of Starch Solution: - 

 

2.5gm starch was added with 50ml d.d.w and heated on a magnetic stirrer at 45°C with moderate 

stirring (250 rpm) for 1 hour. After properly mixing, 3ml polyethylene glycol was added to it and 

stirred for 30 minutes without heating. – Solution Y  

 

Preparation of composite films: - 

 

Different proportions of sodium alginate and starch solution were added together as given in the 

table below and were magnetically stirred at 400 r.p.m for thirty minutes until uniform mixing 

was completed. 

 

Table 07: - 

 

Serial No. Vol. of Soln. X (ml) Vol. of Soln. Y (ml) 

1. Film 1 10 10 

2. Film 2 20 10 

3. Film 3 30 10 

4. Film 4 10 20 

 

Casting of the film solutions: - 

 

After preparing the film compositions as per the parameters mentioned in Table 07, the solutions 

were spread uniformly on borosil plates of diameter 10cm and kept at room temperature (38°C) 

and left for 48 hours to dry. 
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Image 04- Films obtained after drying, opaque, white soft and smooth textured films were 

obtained as shown in the image below: - 

 

               Film 1                           Film 2 

 

 
 

                Film 3                          Film 4 

 

Image 04: - The image shows the films obtained after drying, Film 1 (X: Y is 1:1) Film 2 (X: Y 

is 2:1), Film 3 (X: Y is 3:1) and Film 4 (X: Y is 1:2). 

 

Thickness of the above films: -  

 

Thickness of the above films was measured using a screw gauge (Manufactured by Mitutoyo, 

L.C-0.01mm) and the thickness was recorded. 

 

Analysis of mechanical property of the composite films obtained: - 

 

The films were placed on the analyzing surface of a TA.XT Express Enhanced texture analyzer 

manufactured by SMS (Stable Micro Systems) with the parameters as described earlier: - 
 

Results and Discussions: - 

 

Table 08- The following table shows the data obtained for the thickness and the hardness 

measurement of the above films: - 

 

Serial 

No. 

Thickness (mm) Avg. Hardness (MPa) 

Film 1 0.06 0.0358 

Film 2 0.256 0.9103 

Film 3 0.376 1.0907 

Film 4 0.074 0.0463 
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Table TR: - 

 

Reference Films Hardness 

(MPa) 

Source: - 

Gelatin-Corn starch-Glycerin-Papaya-Soy 

protein Composite film 

1.74 Reference 99 

Starch-activated carbon powder composite 

film 

1.64 Reference 100 

Lambda-2-Stannane—nickel (Ni3Sn4) 

intermetallic thin films 

2.11 Reference 101 

Films prepared with polyurethaneurea 0.35  Reference 102 

Bismaleimide-triazine resin films 

 

1.59 Reference 103 

Glass-fiber-reinforced Bismaleimide-
triazine resin composites 
 

2.70 Reference 103 

 

 

Figure 05: - Graphical representation shows the relationship of hardness (MPa) of the films with 

the change in Na-alginate and starch concentration: - 

 

 
 

Discussions: -  
 

Observations from Figure 05 shows that with increase in concentration of sodium alginate, the 

hardness and  thickness of the composite films also increases but when the proportion of starch 

becomes twice than the Na-alginate composition then a sudden drop in the hardness is observed, 

which is not desirable for composite films, especially when the purpose is of food packaging. It 

was observed from the works of [106] and [107] where an excess of blends of other biopolymers 

enhanced the hardness of the starch films. 
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Preparation of sodium alginate and gelatin based composite films: - 

 

To observe the properties of Gelatin-Na alginate composite films made with different 

concentrations,  

 

Reagents: -  

 

Sodium alginate powder (Sisco Research Laboratories Pvt. Ltd.), gelatin powder (Manufactured 

by MERCK), polyethylene glycol (LOBA CHEMIE PVT. LTD), double distilled water. 

 

Equipments and Instruments: -  

 

Same equipments and instruments were used as per the previous experiment. 

 

Preparation of Na-alginate Solution: - 

 

3.5gm of Na alginate was weighed and added with 50ml double distilled water. It was placed on 

a magnetic stirrer and magnetically stirred at 300r.p.m and the temperature was monitored by 

thermometer and kept at 40°C. After proper mixing, 3ml of polyethylene glycol was added and 

again stirred for half an hour. (Solution alginate) 

 

Preparation of Gelatin Solution: - 

 

2.5gm gelatin was weighed and added with 50ml d.d.w and was stirred on a magnetic stirrer with 

moderate stirring (250 rpm) for one hour without any heating, at room temperature. After 

properly mixing, 3ml polyethylene glycol was added to it and stirred for half an hour with mild 

heating at 30°C. (Solution Gelatin) 

 

Preparation of the Composite Film: - 

 

The composite films were made by mixing Solution alginate and Solution Gelatin as per the 

proportions given in Table 09 and they were magnetically stirred at 500 r.p.m for half an hour 

without heating. After proper and uniform mixing occurred, the composite film mixtures were 

spread on borosil petri plates of diameter 10cm and kept for 24 hours at room temperature 

(37.3°C) so that the films get dry.   

 

Table 09: - The following table represents the ratios of gelatin: Na-alginate which is being used 

to prepare the composite films: - 

 

 

 

 

Serial No. Ratio of Gelatin : Na-alginate (ml) 

1 5:5 

2 5:10 

3 10:10 

4 10:15 

5 15:10 
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 Image 05: - The above image shows the films obtained after 24 hours of drying in room 

temperature (37.3°C). 

 

Analysis of hardness property of the Gelatin-Na alginate films: - 

 

The films were placed on the analyzing surface of a TA.XT Express Enhanced texture analyzer 

manufactured by SMS (Stable Micro Systems) with the parameters as described earlier: - 
 

Observations: - 

 

Table 10 – The following table shows the results of the hardness observed for the films made 

with different concentration proportions of gelatin and sodium alginate: - 

 

Serial No. Gelatin : Na-alginate Ratio of films - Hardness recorded (MPa) 

Film 1 5 : 5 1.0124 

Film 2 5: 10 0.8301 

Film 3 10 : 10 1.1256 

Film 4 10 : 15 1.4334 

Film 5 15 : 10 0.9502 

 

Table TR: - 

 

Reference Films Hardness 

(MPa) 

Source: - 

Gelatin-Corn starch-Glycerin-Papaya-

Soy protein Composite film 

1.74 Reference 99 

Starch-activated carbon powder film 1.64 Reference 100 

Lambda-2-Stannane—nickel (Ni3Sn4) 

intermetallic thin films 

2.11 Reference 101 

Films prepared with polyurethaneurea 0.35  Reference 102 

Bismaleimide-triazine resin films  1.59 Reference 103 
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Glass fiber-reinforced Bismaleimide-
triazine resin composites 
 

2.70 Reference 103 

 

 
 

Figure 06: -  The above graphical representation shows the relationship between the hardness 

(MPa) of the films analyzed with the change in composition of sodium alginate and gelatin in the 

film forming solutions: - 

 

Discussions: -  

 

Above analysis shows that a five times increase in the Na-alginate amount from film 1 to film 2 

increases the hardness to 0.1182 times and for film 2 to film 3 a 0.1132 times increase in the 

hardness is observed which were in accordance with works of [108] and [109] where tensile 

properties and thickness were enhanced by using blends of Na-alginate with gelatin. Maximum 

hardness was observed for ratio of 2: 3 of gelatin: Na- alginate, after which it is seen that a 5 

times increase in the gelatin concentration decreases the hardness to 0.48432 times, as shown in 

works of [110] where Na-alginate : gelatin ratio with highest gelatin content had lowest 

mechanical strength.  

 

Comparing the hardness results obtained in Table 8, better hardness results are obtained for 

composite films with gelatin and sodium alginate.  
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Preparation of Sodium alginate-gelatin-silver nanocomposite films: - 

 

Reagents: -  
 

Same reagents used as previous experiment only silver nanoparticles which were previously 

synthesized were used. 

 

Equipments and Instruments: -  

 

Same equipments and instruments used as previous experiment. 

 

Preparation of Sodium Alginate Solution: - 

 

4 gm of sodium alginate was weighed and mixed with 80 ml of d.d.w and magnetically stirred at 

400 r.p.m where heating was done at 40°C, monitored by a laboratory thermometer. After proper 

mixing 3 ml of polyethylene glycol was added to it and allowed to mix properly for half an hour 

without any heat treatment at 400 r.p.m. (Solution P1)   

 

Preparation of Gelatin Solution: - 

 

4 gm of gelatin was weighed taken and mixed with 80 ml of d.d.w and magnetically stirred at 

400 r.p.m and allowed to mix in room temperature only. After proper mixing 3 ml of 

polyethylene glycol was added to it and allowed to mix properly for half an hour without any 

heat treatment at 400 r.p.m. (Solution P2) 

 

Preparation of the mixture of Sodium alginate and Gelatin Solution: - 

 

Four 100 ml borosil beakers were taken. In each beaker, 20 ml of solution from solution P1 and 

Solution P2 was added four times, i.e each beaker now contained 40 ml of solution (20 ml 

Solution P1 and 20ml Solution P2). 

 

Addition of silver nanoparticles to the solution of gelatin and alginate: - 

 

In each of the beakers respectively, 1ml, 2ml, 3ml and 4ml of previously prepared silver 

nanoparticles were added and they were magnetically stirred at 290 r.p.m for half an hour 

without any heat treatment. 

 

Table 11: - The following table shows the compositions of the four film solutions that are 

prepared: - 

 

Serial 

No. 

Vol. of Solution P1 

(ml) 

Volume of Solution 

P2 (ml) 

Volume of AgNP 

added (ml) 

Final 

Volume (ml) 

Film 1 20 20 1 41 

Film 2 20 20 2 42 

Film 3 20 20 3 43 

Film 4 20 20 4 44 
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Casting of the film solutions: -  
 

Four borosil petriplates of 10cm diameter were taken. Each of the four beakers was emptied by 

pouring the silver nanoparticle incorporated solution on the plates and were uniformly spread. 

After uniform spreading, the petriplates were kept at room temperature (37.5°C) for 48 hours so 

that the films get dry. 

 

Observations: - 

 

Image 06: - The image shows the film solutions being casted on the petriplates and left to dry. 

 

 
 

Image 07: - The image shows the films obtained after drying for 42 hours at room temperature: - 

 

 
 

Analysis of hardness property of the Gelatin-Na alginate films: - 

 

The films were placed on the analyzing surface of a TA.XT Express Enhanced texture analyzer 

manufactured by SMS (Stable Micro Systems) with the parameters as described earlier: - 
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Results and Discussions: - 

 

Table 12: - The following table shows the data obtained for the hardness test performed for the 

following films: - 

 

Serial No. Ratio of Gelatin : Na-

alginate (ml) 

Vol. of AgNP added (ml) Hardness recorded 

(MPa) 

Film 1 1:1 1 1.1682 

Film 2 1:1 2 1.4749 

Film 3 1:1 3 1.9524 

Film 4 1:1 4 2.6341 

 

Table TR- 

 

Reference Films Hardness (MPa) Source: - 

Gelatin-Corn starch-Glycerin-Papaya-Soy 

protein Composite film 
1.74 Reference 99 

Starch-activated carbon powder composite film 1.64 Reference 100 

Lambda-2-Stannane—nickel (Ni3Sn4) 

intermetallic thin films 

2.11 Reference 101 

Films prepared with polyurethaneurea 0.35  Reference 102 

Bismaleimide-triazine resin 

 

1.59 Reference 103 

Glass fiber-reinforced bismaleimide-triazine 
resin composites 
 

2.70 Reference 103 
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Figure 07: - The above graphical representation shows the relationship between the hardness    

(MPa) of the films analyzed with the addition of amount of silver nanoparticles to the film 

making solutions: - 

 

Discussions: -  
 

On comparing the results of Table 12 with previous results obtained from Table 10 it is found 

that for composite films which are devoid of nanoparticle, a five times increase in the Na-

alginate concentration leads to a 0.177 times increase in the hardness whereas keeping the 

concentration ratio of the gelatin and Na-alginate mixture same and increasing the AgNP 

concentration in the film composition from 1ml to 2ml a 0.306 times increase is observed in the 

hardness of the film and increasing the AgNP from 2ml to 3ml, the hardness increased by 0.477 

times without any deviation in the Na-alginate or gelatin concentration as obtained from works 

of  [111] and [112] where increasing AgNP concentration leads to a increase in hardness and 

tensile strength. 

 

1ml increase in the AgNP concentration can increase hardness of the films more than it had 

increased by changing the Na-alginate concentration 5 times which was devoid of any 

nanoparticle addition. 

 

Solubility test of the nanocomposite films obtained as shown in the Image 07: - 

 

The solubility test was performed according to the methods showed in the research works of 

[113] and [114]. 

 

Equipments required: -  

 

100 ml borosil beakers, 100ml conical flasks, borosil funnels, Whatman Filter Paper (Size 

110mm), Hot air oven (Bhattacharya and CO., Kolkata), and REMI 2MLH Magnetic stirrer. 

 

All the four films as shown in Image 07 were placed in 100ml borosil beakers and 50 ml of d.d.w 

water was added to them. All of the four beakers were kept on magnetic stirrers and moderate 

stirring was done at 350 r.p.m until all of the films got completely dissolved in the water. 

 

Passing of the dissolved films through filter paper: - 

 

Now, four conical flasks were arranged with four borosil funnels on them and four filter paper 

cones were placed on the funnels. The film solutions from each four beaker was poured on them 

and was allowed to completely pass through the filter paper attached funnel. 

 

After this, the four filter papers were dried inside a hot air oven at 110°C and their weight was 

recorded. An increase in each of the weight of the filter papers indicated that a certain amount of 

film component has dissolved in the water which is being caught up by the filter paper.  
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Results and Discussions: - 

 

Table 13- The following table shows the data obtained for the solubility tests performed for the 

four films obtained as shown in Image 07: - 

 

Serial 

No. 

Wt. of  

Films (g) 

Wt. of 

Filter 

paper (g) 

Wt. of filter paper 

after film solution 

passed and drying 

(g) 

Increased Wt. 

of the filter 

paper (g) 

%  solubility 

of Films (100 

ml d.d.w) 

1.Film1 1.5166 1.1428 1.3585 0.2157 28.444 

2.Film2 1.7774 1.1429 1.6944 0.5515 62.056 

3.Film3 1.9704 1.1431 1.8714 0.7283 73.924 

4.Film4 2.8624 1.1438 1.8150 0.6712 46.918 

 

Figure 08: - The below figure shows the graphical representation of the relationship between the 

percentage of solubility with the volume of silver nanoparticles added: -  

 

 
 

Discussions: -  
 

The above observations show that with the gradual increase in the amount of silver nanoparticle 

being added the solubility gradually increases as obtained in the works of [115] where increase 

in solubility was observed with increase in NP proportion. When AgNP concentration was 4ml, a 

drop in the solubility was observed, works of [116] showed 31.1% fall in solubility when NP 

concentration was increased from 2 to 6%, and in above analysis 14% fall in solubility was seen 

for 2.12 times increase in NP concentration. Works of [117] explain that when AgNPs are added, 

very strong bonding is created between the polymeric matrices of the composite film mixtures 

and the AgNPs which makes the internal framework at the molecular level stronger leading to a 

lower solubility as the bonds are not easily broken down by water. 
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Hardness analysis comparisons of two set of films: with and without incorporation of silver 

nanoparticles: - 

 

Sodium alginate-gelatin-silver nanocomposite films were made in two sets; each set with same 

composition, each film mixture in the second set was incorporated with silver nanoparticle 

extract. 

 

Reagents: -  

 

Sodium alginate powder (Sisco Research Laboratories Pvt. Ltd.), gelatin powder (Manufactured 

by MERCK), polyethylene glycol (LOBA CHEMIE PVT. LTD), previously prepared silver 

nanoparticles, double distilled water. 

 

Equipments and Instruments: -  

 

Mettler Toledo ML 203E Digital Weighing balance, borosil conical flasks (100ml and 250ml), 

borosil petri plates of diameter 10cm, REMI 2MLH Magnetic stirrer, heating mantle, laboratory 

thermometer (Range 0-300°C). 

  

Preparation of Na-alginate solution: - 

 

5gm sodium alginate was weighed and added in 85ml of d.d.w. It was placed on a magnetic 

stirrer to mix properly where r.p.m of 500 was set with a temperature of 45°C which was 

monitored by use of laboratory thermometer. After proper mixing, 4 ml of polyethylene glycol 

was added as plasticizer and allowed to mix for half an hour without heat treatment.  

 

Preparation of Gelatin solution: - 
 

5gm of gelatin was weighed and added in 85 ml of d.d.w. It was placed on a magnetic stirrer to 

mix properly where r.p.m of 500 was set with a temperature of 45°C which was monitored by 

use of laboratory thermometer. After proper mixing, 4 ml of polyethylene glycol was added as 

plasticizer and allowed to mix for half an hour without heat treatment.  

 

Preparation of film casting Solutions: -  

 

After the sodium alginate and gelatin solutions were prepared, two sets of film making solutions 

were prepared with different compositions of solutions of Na-alginate and gelatin as given in the 

tables below: - 

 

Table 14- 

Serial 

No. 

Vol. of Na- alginate 

solution (ml) 

Vol. of Gelatin 

solution (ml) 

Total Volume (ml) 

1.Film C1 2.5 2.5 5 

2.Film C2 5 5 10 
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Table 15: - 

 

 

 

 

 

 

 

 

 

 

 

 

 

Casting of the film solutions: -   

 

Both set of the film making solutions were casted on borosil petri plates of 10cm diameter and 

were left to dry at room temperature (37°C) for 48 hours. 

 

Observations: - 

 

 
 

Image 08: -The above set of composite films obtained after drying which are prepared without 

use of any nanoparticles, films obtained white in color having smooth surface. 

 

 

 

 

 

 

3.Film C3 7.5 7.5 15 

4.Film C4 10 10 20 

5.Film C5 12.5 12.5 25 

Serial No. Vol. of Na- alginate 

solution (ml) 

Vol. of Gelatin 

solution (ml) 

Vol. of AgNP 

(ml) 

Total 

Volume 

(ml) 

1.Film D1 2.5 2.5 2.5 7.5 

2.Film D2 5 5 2.5 12.5 

3.Film D3 7.5 7.5 2.5 17.5 

4.Film D4 10 10 2.5 22.5 

5.Film D5 12.5 12.5 2.5 27.5 
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Image 09: - The below image shows set of composite films obtained after drying which are 

prepared by incorporation of silver nanoparticles, each set of films prepared contains 2.5 ml of 

silver nanoparticle in each of them which resulted in dark colored films. 

 

 
 

Hardness property analysis of the above set of films obtained: - 

 

The films were placed on the analyzing surface of a TA.XT Express Enhanced texture analyzer 

manufactured by SMS (Stable Micro Systems) with the parameters as described earlier: - 
 

Results and Discussions: - 

 

Table 16- 

 

Serial No. Hardness Recorded (MPa) 

Film C1 1.588 

Film C2 1.565 

Film C3 1.504 

Film C4 1.923 

Film C5 1.409 

Film D1 1.968 

Film D2 2.514 

Film D3 2.701 

Film D4 2.952 

Film D5 3.997 

 

Table TR-  

 

Reference Films Hardness 

(MPa) 

Source: - 

Gelatin-Corn starch-Glycerin-Papaya-

Soy protein Composite film 
1.74 Reference 99 

Starch-activated carbon powder 

composite film 

1.64 Reference 100 

Lambda-2-Stannane—nickel (Ni3Sn4) 

intermetallic thin films 

2.11 Reference 101 

Films prepared with polyurethaneurea 0.35  Reference 102 
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Bismaleimide-triazine resin 

 

1.59 Reference 103 

Glass fiber-reinforced bismaleimide-
triazine resin composites 
 

2.70 Reference 1033 

 

 
 

                        
 

Figure 09: - The above graphical representation shows the relationship of hardness of the two 

set of films, with and without the incorporation of silver nanoparticles: - 

 

 

 

 

 

 

 

 

 

Serial 

No. 

Films (No 

AgNP 

added) 

Films (each film 

has 2.5ml AgNP 

added) 

% increase 

in hardness 

(MPa) 

1 C1 D1 80.6 

2 C2 D2 62.2 

3 C3 D3 55.6 

4 C4 D4 65.1 

5 C5 D5 35.2 
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The above table shows a comparison between each set of Films C and Film D where film 

mixture composition volume is same for every individual set such as C3 and D3 , only for every 

set of D-Films, 2.5 ml of AgNP is added: - 

Discussions: -  

 

Above results show that films with same composition of gelatin and sodium alginate with silver 

nanoparticles had more hardness compared to the films made devoid of any AgNPs but with the 

same compositions of sodium alginate and gelatin solution.  

 

This shows that by incorporating nanoparticles the hardness gets developed for the composite 

films as obtained in works of [118] where increasing AgNP amount by 0.0075% leaded to 94.5% 

increase in the hardness, enhancement in the mechanical properties, mainly tensile strength and 

hardness was observed with addition of AgNP for agar-gelatin-silver nanocomposite films [119]. 

Enhanement was observed for gelatin-curcumin-silver nanocomposite films with a 0.05% 

increase in amount of AgNP added [120], from where it can be concluded that AgNP addition 

enhances hardness of composite films. 

 

Study of quality of food packed in composite films incorporated with silver nanoparticles- 

 

Reagents: -  

 

Reagents are same as used in the previous experiment. 

 

Equipments and Instruments: -  

 

All the equipments and instruments used were same as previous experiment; here TA.XT texture 

analyzer was not required. 

 

Preparation of Sodium alginate solution: - 

 

5gm of sodium alginate was weighed and added to 60 ml of d.d.w. It was kept on magnetic 

stirrer and allowed to mix properly at 550 r.p.m for 1 hour, temperature kept at 45°C which was 

monitored using laboratory thermometer. After proper mixing, 4ml of polyethylene glycol was 

added and again mixed for half an hour without any heat treatment on magnetic stirrer (at 500 

r.p.m). 

 

Preparation of Gelatin solution: - 

 

5 gm of gelatin was weighed and added to 60 ml of d.d.w. It was kept on magnetic stirrer and 

allowed to mix properly at 550 r.p.m for 1 hour, without any application of heat. After proper 

mixing, 4ml of polyethylene glycol was added and again mixed for half an hour without any heat 

treatment on magnetic stirrer (at 500 r.p.m).  
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Preparation of the film forming solutions: - 

 

Now 30 ml from each Na-alginate solution and gelatin solution were taken and mixed in two 

different conical flasks, with one container having 4.5 ml silver nanoparticle being added to it 

and these two containers were again stirred on magnetic stirrer for 1 hour without heat treatment. 

Container 1- 30ml of gelatin solution + 30ml of Na-alginate solution 

Container 2- 30ml of gelatin solution + 30ml of Na-alginate solution + 4.5 ml AgNP  

 

Casting of the film forming solutions: - 

 

The mixtures from the above containers were uniformly spread on two borosil petri plates of 

diameter 20cm and kept at room temperature (37.5°C) for 48 hours to dry. 

 

Observations: - Films obtained after drying 

 

 

Image 10: - Film AN – Film incorporated with silver nanoparticle 

 

 
 

Image 11: - Film AC – Film devoid of silver nanoparticle 
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Fresh tomatoes were used to study the packaging property of the above obtained composite 

films. Fresh tomatoes were obtained from the local market of Jadavpur, Kolkata-700032 and 

were placed on the above films. They were uniformly wrapped in the films and cello tape was 

use for making the films sealed and holding them in place and was kept at open room 

temperature (37°C) for five days. 

 

  Observations: - 

 

 

   
 

 
                                                             

Image 13: - The above image shows fresh tomato being wrapped in Film AC (composite film 

devoid of silver nanoparticle) and stored for five days at room temperature (Average temperature 

37°C). 
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Image 14: - The above image shows fresh tomato being wrapped in Film AN (composite film 

incorporated with silver nanoparticle) and stored for five days at room temperature (38°C) 

 

Observation-  
 

After 5 days of being stored in room temperature, on Day 5 the films were unwrapped to observe 

the tomatoes being wrapped in them. The observation is being shown in the Image 15 given 

below – 

 

Image 15: - 

 

 
 

Discussions: -  

 

The above image shows that tomato wrapped in gelatin-Na-alginate composite film incorporated 

with AgNP was obtained in a much better condition compared to the tomato which was wrapped 

in gelatin-Na-alginate composite film devoid of AgNP.  
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Comparison of the organoleptic properties of the tomatoes unwrapped from the two Na-alginate-

gelatin composite films, with and without incorporation of silver nanoparticles: - 

 

Tomato wrapped in NP Composite Film  Tomato wrapped in Composite Film 

Color retention is better. Color gradually faded and became pale 

Texture maintained well. Texture became soft and wrinkled. 

The internal components (seeds, pulp, 

juices) remained within the product 

without any visible loss. 

The internal components (seeds, pulp, 

juices) oozed out from the food product 

showing loss of product quantity and 

damage to quality of product as well. 

   

Research works showed that fruits packed in silver-nanocomposite films showed better retention 

of their organoleptic and nutritional properties as well [121]. Composite films incorporated with 

AgNP showed comparatively better retention of the overall visible properties of the food product 

being packed rather than the food product packed in composite films devoid of AgNP. 

 

Study of the antimicrobial properties of the Na-alginate-gelatin silver nanocomposite films 

by using streak plate method of microbial inoculation: - 

 

Microorganism used was Escherichia coli. 

 

A very important aspect and property is to analyse the antimicrobial property of any packaging 

material to be used in the sector of food packaging. 

 

Preparation of Nutrient agar media: - 

 

Reagents: -  

 

Nutrient agar, Beef Extract, Peptone, Double distilled water. 

 

Equipments and Instruments: -  

 

REMI 2MLH Magnetic stirrer, heating mantle, conical flasks 250 ml and 100ml (borosil), 

borosil petri plates of diameter 10 cm, laboratory thermometer (Manufactured by LABWORLD, 

Range 0-300°C), Autoclave (Bhattacharya and Co.), B.O.D Shaker Incubator, Refrigerator. 

 

Nutrient agar media was prepared as per the composition given in the table below- 

 

Table 18: - 

 

 

 

 

 

 

Materials: - Material Composition: - 

Agar 3.75 g 

Beef Extract 0.75 g 

Peptone 1.25 g 

D.D.W (double distilled water) 250 ml 
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Preparing the mixture of agar medium: - 

 

All above components were put together inside a conical flask and were made to mix uniformly 

by using magnetic stirrer (450 r.p.m) and were boiled at 50°C (temperature was being monitored 

using laboratory thermometer) to form a uniform homogenous mixture.  

 

This dissolved medium was then autoclaved at 15 psi pressure at 121°C temperature for 15 

minutes. After this, the conical flask was taken out of the autoclave and allowed to cool 

moderately at room temperature (cooling was done moderately which would otherwise lead to 

the solidifying of the agar media). 

 

Pouring of the molten agar media on borosil petriplates: - 

 

The agar media now from the conical flask was poured on borosil petri plates and the petri plates 

were kept inside an incubator at 37.5°C for 24 hour so that the media gets dried and solidified. 

 

Storage of the solidified nutrient agar medium: - 

 

After 24 hours, the petriplates containing the solidified agar media was taken out of the incubator 

and was kept inside a refrigerator and stored there to be used later. 

 

Image 16: - Image showing nutrient agar media obtained: - 

 

 
 

 

Inoculation of Bacterial culture: - 

 

Streak plate method was used to inoculate bacterial culture of Escherichia coli to study their 

growth on the composite films. During this experiment composite films made by using Na-

alginate and gelatin and composite films made by using Na-alginate and gelatin along with 

incorporation of silver nanoparticles were used to see the respective antimicrobial properety of 

both the films. Inoculation was also done on nutrient agar media which was used as a reference 

to compare the microbial growth with those of the composite films prepared. 
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Equipments and Instruments required: -  

 

Metal wire loop, spirit lamp burner, B.O.D shaker incubator, laminar flow chamber.  

 

Inoculation of bacterial culture of Escherichia coli into the nutrient agar media, Na-

alginate-gelatin composite film and Na-alginate-gelatin-AgNP composite film: -  

 

1. Metal wire loop was sterilized using flame from burner. 

2. Escherichia coli were obtained from previously made test tube suspension cultures present in 

laboratory of Department of Food Technology and Bio-Chemical Enginnering, Jadavpur 

University. 

3. The 3 petri plates (Nutrient agar media, Na-alginate/Gelatin film, Na-alginate/Gelatin  

film/AgNP) were placed with their covers opened. 

4. The sterilized loop was dipped deep inside the test tube having the microbial culture and 

quickly taken out and with it different zigzag patterns were drawn on each three petri plates by 

scratching them with the metal loop. 

5. This process was done three times for each petri plates. 

6. All the petriplates were again covered with their lids and kept on an incubator at 38°C 

temperature for 24 hours. 

7. After 24 hours, all three petri plates were taken out of the incubator to observe the microbial 

growth which occurred in them.  

8. All the equipments and the entire process of inoculation were carried out inside a laminar flow 

chamber so as to keep out any external contamination which would interfere with the desired 

results. 

 

Observation – 

 

Image 17- Image showing the three petri plates before inoculation of microbial culture. 
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Image 18- Image showing the three petri plates after inoculation of microbial culture and being 

taken out from incubation chamber after incubating at 38°C for 24 hours. 

 

 
 

Discussions: - 

 

The above image show the growth of colonies of Escherichia coli on the surface of nutrient agar 

media whereas no observable growth on the composite films. Films with AgNP showed no 

growth of Escherichia coli colonies indicating the antimicrobial property of silver nanoparticles 

included composite films which are an essential property of packaging films to be used for food 

packaging as showed in works of [122] where 91% inhibition in growth of Escherichia coli was 

observed with AgNP addition, researches also showed better and enhanced antibacterial effect 

towards Escherichia coli with addition of AgNP as shown in works of [123] and [124]. 

Therefore it can be concluded that silver nanoparticle incorporated composite films show very 

prominent antimicrobial property towards the growth of Escherichia coli bacteria. 

 

 

Study of the antimicrobial properties of the Na-alginate-gelatin silver nanocomposite films 

by using streak plate method of microbial inoculation: - 
 
Microorganism used: - Staphylococcus aureus  

 

Preparation of Nutrient agar media: - 

 

Reagents: -  

 

Nutrient agar, Beef Extract, Peptone, Double distilled water. 

 

Equipments and Instruments: -  

 

REMI 2MLH Magnetic stirrer, heating mantle, conical flasks 250 ml and 100ml (borosil), 

borosil petri plates of diameter 10 cm, laboratory thermometer (Manufactured by LABWORLD, 

Range 0-300°C), Autoclave, B.O.D Shaker Incubator, Refrigerator. 
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Table 19: - 

 

 
 
 
 
 
 

Nutrient agar media was prepared as per the composition given in the above table. 

 

Preparing the mixture of agar medium: - 

 

All above components were put together inside a conical flask and were made to mix uniformly 

by using magnetic stirrer (450 r.p.m) and were boiled at 50°C (temperature was being monitored 

using laboratory thermometer) to form a uniform homogenous mixture.  

This dissolved medium was then autoclaved at 15 psi pressure at 121°C temperature for 15 

minutes. After this, the conical flask was taken out of the autoclave and allowed to cool 

moderately at room temperature (cooling was done moderately which would otherwise lead to 

the solidifying of the agar media). 

 

Pouring of the molten agar media on borosil petriplates: - 

 

The agar media now from the conical flask was poured on borosil petri plates and the petri plates 

were kept inside an incubator at 37.5°C for 24 hour so that the media gets dried and solidified. 

 

Storage of the solidified nutrient agar medium: - 

 

After 24 hours, the petriplates containing the solidified agar media was taken out of the incubator 

and was kept inside a refrigerator and stored there to be used later. 

 

Image 19: - Image showing nutrient agar media obtained: - 

 

 
 

Streak plate method was used to inoculate culture of Staphylococcus aureus to study their growth 

on composite films. Composite films made by using Na-alginate and gelatin and composite films 

made by using Na-alginate and gelatin along with incorporation of silver nanoparticles were used 

Serial No. Material Composition 

Agar 3.75 g 

Beef Extract 0.75 g 

Peptone 1.25 g 

D.D.W (double distilled water) 250 ml 
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to see the respective antimicrobial properety of both the films. Inoculation was done on nutrient 

agar media which was used as a reference to compare the microbial growth with those of the 

composite films prepared. 

 

Equipments and Instruments required: -  
 

Metal wire loop for inoculation, Spirit lamp burner, B.O.D Shaker Incubator, Laminar flow 

chamber.  

 

Inoculation of bacterial culture of Staphylococcus aureus into the nutrient agar media, Na-

alginate-gelatin composite film and Na-alginate-gelatin-AgNP composite film: -  

 

1. Metal loop was sterilized using flame from burner. 

2. Staphylococcus aureus were obtained from previously made test tube suspension cultures 

present in laboratory of Department of Food Technology and Bio-Chemical Enginnering, 

Jadavpur University. 

3. The 3 petri plates (Nutrient agar media, Na-alginate/Gelatin film, Na-alginate/Gelatin  

film/AgNP) were placed with their covers opened. 

4. The sterilized loop was dipped deep inside the test tube having the microbial culture and 

quickly taken out and with it different zigzag patterns were drawn on each three petri plates by 

scratching them with the metal loop. 

5. This process was done three times for each petri plates. 

6. All petriplates were again covered with their lids and kept on an incubator at 37°C temperature 

for 24 hours. 

7. After 24 hours, all three petri plates were taken out of the incubator to observe the microbial 

growth which occurred in them.  

8. All the equipments and the entire process of inoculation were carried out inside a laminar flow 

chamber so as to keep out any external contamination which would interfere with the desired 

results. 
 

Observation – 

 

Image 19- Image showing the three petri plates before inoculation of microbial culture. 
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Image 20: - Image showing the three petri plates after inoculation of microbial culture and being 

taken out from incubation chamber after incubating at 37°C for 24 hours. 

 

 
 

Discussions: -  

 

The above images show the growth of Staphylococcus aureus on the surface of nutrient agar 

media whereas no observable growth on the composite films. Film made with incorporation of 

AgNPs showed no growth of Staphylococcus aureus colonies indicating the antimicrobial 

property of silver nanoparticle included composite films as showed by works of [125] where 

0.3% increase in the AgNP amount leaded to a 4 times inflation in the antimicrobial property 

against Staphylococcus aureus species compared to films without AgNPs and [126] which 

showed that suspensions having Staphylococcus aureus when AgNP was added, no further 

growth of the organism was found in that suspension for 1 week, [127]. 

 

Therefore it can be concluded that AgNP incorporated composite films show very prominent 

antimicrobial property towards the growth of Staphylococcus aureus bacteria and can be used as 

composite films for effective antimicrobial packaging. 
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Conclusion: - 

 

In the present work, it has been shown that leaf extract of lamboo tree can effectively produce 

AgNPs when it reacts with aqueous AgNO3. The as-synthesized silver colloids show distinct 

SPR peak at 437nm which is the signature peak of silver nanoparticles. Films with enhanced 

hardness were observed when films were incorporated with starch. 2.5 times increase in the 

hardness (MPa) of the composite films was observed when AgNP content was increased from 

1ml to 4ml. For composite films, Na-alginate-gelatin film showed 0.6 times more hardness 

compared to Na-alginate-starch composite films when Na-alginate and biopolymer ratio is same 

 

Na-alginate-gelatin-silver nanocomposite films showed an average 0.5 times increase in hardness 

with every 1ml addition of AgNP showing that AgNPs can enhance the hardness property which 

as described by previous works is due to extensive bonding between the AgNPs with the 

polymeric matrices. Ag-nanocomposite films showed maximum solubility of 73.8% in 100ml 

d.d.w., although with more AgNP addition the solubility decreased to 46.9% which is due to the 

excess silver NPs that makes the polymer matrix bonds stronger and difficult to be broken down 

by water. Tomatoes packed in Na-alginate-gelatin-AgNP composite films kept for 5 days at 

room temperature (avg.37°C) showed better retention in textural and visual properties compared 

to composite films devoid of AgNPs. Remarkable antibacterial activity was observed for the Na-

alginate-gelatin-AgNP composite films against Escherichia coli and Staphylococcus aureus, 

inoculated using streak plate method on films, and no observable growth was seen after 

incubation period. 

 

Therefore Na-alginate-gelatin-AgNP composite films prepared as described in the above 

research work can be used as effective hard and biodegradable packaging films with good 

antimicrobial properties. 
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	The above table shows a comparison between each set of Films C and Film D where film mixture composition volume is same for every individual set such as C3 and D3 , only for every set of D-Films, 2.5 ml of AgNP is added: -

