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Abstract: Demand of food safety, quality and environmental concern associated with the handling of plastic 

waste has emphasized antimicrobial packaging, as one of the promising packaging system. Development of 

biodegradable and edible films based on natural polymers such as starch has been considered as economical 

material for antimicrobial packaging. This work aimed at the development of food packaging based on starch 

blended with chitosan as antimicrobial and gluteraldehyde as crosslinker. Blend of starch (ST) and chitosan 

(CHI) crosslinked with glutaraldehyde (4ml of 2% aqueous solution) is prepared. The common solvent 1% 

aqueous solution of acetic acid is used for the preparation of polymeric blend of chitosan and starch in the ratio 

of 5.5. agent. Chitosan has been extensively used as an antimicrobial agent either alone or blended with other 
natural polymers [1,2], because of its biodegradable, nontoxic and antimicrobial nature [3]. To extend 

chitosan's antimicrobial applicability, blend of starch (ST) and chitosan (CHI) are used in food packaging and 

biomedical applications [2, 3], but barriers still exist to its broader use due to its physical and chemical 

limitations [3, 4, 5, 6]. The antibacterial property of the blended film is observed along with their controls 

against two Gram-negative pathogenic and non pathogenic bacteria. The pathogenic bacterium is Salmonella 

enterica and the non pathogenic bacterium is Escherichia coli. The blend is found effective against pathogenic 

bacterium as well as non pathogenic bacterium i.e. Salmonella enterica & Escherichia coli both.  
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I. Introduction 

Antimicrobial packaging system prevents the spoilage and contamination of food by killing or 

inhibiting the growth of the pathogenic microorganism. Antimicrobial packaging improves the quality of food 

by extending the shelf-life. The use of agricultural biopolymers that are easily biodegradable is a cleaner and 

ecofriendly approach which protects the environment from denaturing effects associated with thermal 

processing processes of plastics and solves the problem of waste disposal from undegraded synthetic polymer.  

Starch, a most abundant natural and hydrophilic  is regenerated from carbon dioxide and water by 

photosynthesis in plants [7]. Starch stores in a plant in a granular form. It occurs in variety of sources such as 

potatoes, wheat, corn and tapioca. It has received great attention in food packaging industry because of its 

biodegradable[8, 9],  edible, low cost, easy to use ,wide availability, thermoprocessability and can be obtain 

from different left over of harvesting and raw material industrialization[10]. Starch is a semi-crystalline polymer 

that composed of two repeating unit of 1,4--D-glucopyranosyl:amylose and amylopectin. Starch has different 
proportions of amylose and amylopectin ranging from about 10–20% amylose and 80–90% amylopectin 

depending on the source [11].The presence of amylase in the starch gives rise to stronger films. However 
disadvantages associated with starch based biodegradable films are attributed to the water solubility, brittle 

nature [12] and poor mechanical properties [13] of the starch films. In order to overcome these disadvantages 

starch can be modified by many methods such as blending with synthetic[12,14,15] and natural polymers 

[16,17].In the present work starch is blended with chitosan because of the several reasons which include: 

Chitosan is a natural, cationic, unique linear polysaccharide formed during the deacetylation of chitin in alkaline 

condition. Chitin is deacetylated in 40% sodium hydroxide at 1200C for 1–3 h. This treatment produces 70% 

deacetylated chitosan. It comprises an unbranched chain consisting of -(14) -2-amino-2-deoxy-D-
glucopyranose [18]. 
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Chitosan has excellent film-forming ability and antimicrobial properties. Chitosan  is suitable for 

obtaining antimicrobial films[19]. Chitosan has attracted much attention in the field of biomaterials, because of 

its biological properties, biodegradability, bioactivity and biocompatibility [20, 21, 22]. The positive electrical 
charge of chitosan allows it to combine with all parts of the skin and hair with negative electrical charge, counts 

at its application in pharmaceutical, medical, and cosmetic industries [23]. It is used in shampoos, hair gels, as 

bacteria-inhibiting in tooth pastes and mouthwashes as well as a cationic film forming agent in skin care 

products [24] and in food coating and packaging [19,25].Bacteriostatic and bactericidal effect of chitosan is due 

to the binding of its positively charged amino (-NH3
+) group to negatively charged carboxylate (-COO-) group 

on the surface of bacteria cell wall [26]. Membrane disruption and leakage of cellular protein may be 

responsible for the antibacterial activity of the chitosan [27]. Film forming ability and antimicrobial property of 

chitosan is an important feature for food packaging. To prevent the loss of moisture from food material and 

reduce dripping from meats and fishes, coating of films on raw food/food product is a general way of food 

packaging. Antioxidant and antimicrobial coating of chitosan film can also restricts the flavor loss and foreign 

odor pick up [28, 29]. 
Starch and chitosan are considered to be an efficient food packaging material owing to their 

biodegradable, biocompatible, inexpensive, hydrophilic and non-toxic nature [30]. Complimentary 

characteristics of starch and chitosan  not only attracted considerable attention in the area of food 

ingredients/packaging also attracted considerable attention in the area of biotechnology, biomedicine and 

cosmetics [31, 32]. Hydrogels of chitosan and starch are widely used for various purposes such as drug delivery 

and tissue engineering systems [33].   

It is not wise to use chitosan and starch directly for hydrogel, native starch is poor in processability, 

also poor in the dimensional stability and mechanical properties for its end products [34], correspondingly the 

physico-mechanical properties of chitosan are moreover weak [35]. The mechanical properties of 

starch/chitosan films were improved by incorporating the other polysaccharides through blending [35] or by 

cross linking agents. Mixing of two or more polymers to produce blends is a well established strategy for 

achieving specific combination of physical properties [36] moreover it is an effective way to prepare compatible 
materials. Starch composite films with different polymers are extensively explored and the films obtained from 

chitosan and starch, was recommended for food packaging and medical applications [37]. Starch blend with 

chitosan construct mechanical stability with suppress crystallinity [38,39]. The presence of polysaccharide 

makes it biocompatible and biodegradable [35]. 

In present study, chitosan and starch were blended with glutaraldehyde as a crosslinking agent to form 

mechanically strong polymeric blend. Glutaraldehyde has been used more commonly than any other cross-

linking reagent, because of its less expensive, readily available, and high solublility in aqueous solution [40 ] 

nature. The highly reactive aldehyde groups of glutaraldehyde readily form imine bonds (Schiff’s base) with 

amino groups and acetal bonds with hydroxyl groups [41]. This bonding is responsible for efficient cross-

linking of glutaraldehyde. 

After blending of chitosan and starch with glutaraldehyde the antibacterial property of hydrogels was 
observed against two Gram-negative bacteria i.e. pathogenic bacteria and non pathogenic bacteria. The 

pathogenic bacterium is Salmonella enterica and the non pathogenic bacterium is Escherichia coli.  

Salmonella  enterica is a rod shaped, flagellated, gram-negative bacterium belongs to the genus 

Salmonella. Salmonellae are universally available. Salmonella is commonly responsible for food poisoning. All 

species of Salmonella can infect humans. Infections are usually contracted from sources such as: 

Poultry, pork, beef and fish (seafood), if the meat is not properly vooked or is infected with the bacteria after 

preparation, infected eggs, egg products, tainted fruits and vegetables. 

E.coli, Escherichia coli a germ, is a rod shaped, gram- negative bacterium commonly found in the 

lower intestine of warm blooded organisms. E. coli strains in majority are harmless, but some of them can cause 

food poisoning. It lives in the digestive tracts of humans and animals. 

There are many types of E. coli, and most of them are harmless, but some (strain O157:H7)  can cause 

bloody diarrhea, severe anemia, urinary tract infections or kidney failure, which can lead to death. E. coli 
infection can happen by coming into contact with the feces, or stool, of humans or animals or by drinking water 

or eating food that has been contaminated by feces. 

 

II. Experimental 
 

2.1 Polymers and reagents:  
Chitosan from HIMEDIA; RM 9358, Acetic acid glacial, free aldehyde.A.R. from HIMEDIA, 

Glutaraldehyde from HIMEDIA,RM5927, Starch, extra pure from TITAN BIOTECH LTD. Parafilm “M” from 

Pechiney Plastic Packaging Chicago. 
 

http://en.wikipedia.org/wiki/Poultry
http://en.wikipedia.org/wiki/Pork
http://en.wikipedia.org/wiki/Beef
http://en.wikipedia.org/wiki/Fish
http://en.wikipedia.org/wiki/Seafood
http://en.wikipedia.org/wiki/Egg_(food)
http://www.webmd.com/digestive-disorders/digestive-diseases-diarrhea
http://www.webmd.com/hw-popup/anemia
http://www.webmd.com/a-to-z-guides/urinary-tract-infections-in-teens-and-adults-topic-overview
http://www.webmd.com/a-to-z-guides/acute-renal-failure-topic-overview
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2.2 Preparation of chitosan/starch and glutaraldehyde solutions/blend: 

Stock of 1% (v/v) acetic acid solution (aqueous) and 2% (v/v)  glutaraldehyde solution (aqueous) were 

prepared by dissolving acetic acid and glutaraldehyde in distill water, simultaneously 2% (w/v) chitosan solution 
and 2% (w/v) starch solution were prepared by dissolving chitosan and starch in 1% acetic acid solution 

(aqueous) with the help of magnetic stirrer. 100ml chitosan and starch blend with 5:5 ratios (50ml of each) was 

prepared as reported earlier [42].The resultant polymeric blend were characterized by FTIR analysis. 

 

2.3 Characterization of polymeric blend: 

 FTIR spectrum of the starch and starch-chitosan blend are shown in Fig.5 & 6. All characteristic peaks 

are present in the FTIR spectrum. Fig.7 shows the changes in FTIR of starch after blending with chitosan.  

FTIR of Starch shows peak at 3282 for O-H stretching while at 2930 for C-H   stretching and at 1412, 

1340 for Bending of C-H and at 1076 & 994 for C-O stretching band.    

 

 
Fig.5 FTIR of soluble starch 

 

 

When starch was blended with chitosan some significant new packs are arises at 1641.41for C=O 

stretching of carbonyl (I) and at 1546.91 for asymmetrical stretching of amide and some vital new bands are 

arises at 1344.38 and 1332.81 for Bending of C-H and band at 1246.02, 1205.51,  and  1149.57 illustrate C-O 

stretching. 

 

 
Fig.6 FTIR ofstarch and chitosan blend                                      Fig.7 FTIR ofstarch and starch-chitosan blend 

 

FTIR spectrum of the blend is not able to explains accurate relation between starch and chitosan, but 

the new peacks and bands arises in the spectrum (Fig.6, Fig.7) illustrate physical interaction between starch and 

chitosan.   

 

2.4 Assay of antibacterial activity:  
Disc diffusion method is used to check the antibacterial property of the blend. LB agar petriplates were 

prepared and test strain Salmonella enterica of 10
-4

 dilution were spread on two (A & B) petriplates of size 90 x 

15 mm. 15 µl of each control i.e. 1% acetic acid solution, 2% glutaraldehyde solution, 2% chitosan solution, 2% 
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starch solution were poured on the discs in petriplate A. While in petriplate B polymeric blend along with its 

control i.e.1% acetic acid solution, 2% glutaraldehyde solution, 2% chitosan solution ( except 2% starch 

solution) were placed on the disc in B.  Petriplates were placed at 370C in incubater and zone of inhibition were 
observed after 24 hours. The effect of glutaraldehyde was minimized by drying and repeated washing of the 

blend.Same experiment was repeated with same dilution and same quantity of controls/blend with Escherichia 

coli bacteria and petriplates were named as C and D. To maintain the accuracy and precision all the experiments 

were performed in triplicate every after two or three day. 

   

III. Result And Discussion 
 3.1 Antibacterial activity of polymeric blend(fig.8 to fig.12)  

In petriplate A (controls containing petriplate i.e. 1% acetic acid solution, 2% glutaraldehyde solution, 

2% starch solution and 2% chitosan solution with the strain Salmonella enterica) zone of inhibition was absent 
around discs containing 1% acetic acid solution and 2% starch solution while zone of inhibition was present 

around the discs containing 2% glutaraldehyde solution and 2% chitosan solution. Zone of inhibition ranges 

were 0.0-6.0 and 7.0-10.0mm in diameter respectively.  

In petriplate B (strain of Salmonella enterica along with controls: 1% acetic acid solution, 2% 

glutaraldehyde solution, 2% chitosan solution and polymeric blend except 2% starch solution containing 

petriplate) zone of inhibition was absent around discs containing 1% acetic acid solution while zone of 

inhibition was present around the discs containing 2% glutaraldehyde solution, 2% chitosan solution and 

polymeric blend. Zone of inhibition ranges were 0.0-6.0, 7.0-10.0 and 8.0-9.0 mm in diameter respectively. 

In petriplate C (controls contining petriplate i.e. 1% acetic acid solution, 2% glutaraldehyde solution, 

2% starch solution and 2% chitosan solution with the strain Escherichia coli) Zone of inhibition was absent 

around discs containing 1% acetic acid solution and 2% starch solution while zone of inhibition was present 
around the discs containing 2% glutaraldehyde solution and 2% chitosan solution. Zone of inhibition ranges 

were 7.0-8.0 and 8.0-9.0 mm in diameter respectively.  

In petriplate D (strain of E.coli along with controls: 1% acetic acid solution, 2% glutaraldehyde 

solution, 2% chitosan solution and polymeric blend except 2% starch solution contining petriplate) zone of 

inhibition was absent around discs containing 1% acetic acid solution while zone of inhibition was present 

around the discs containing 2% glutaraldehyde solution, 2% chitosan solution and polymeric blend. Zone of 

inhibition ranges were 7.0-8.0, 8.0-9.0 and 8.0-9.0 mm in diameter respectively. 
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Salmonella enterica Escherichia coli

Day I Day I

Day IIIDay III

Day VI
Day VI

Fig.10: Efficacy Test of Blend and Chitosan Solution every after two or three day
 

 

Table 1: Zone of inhibition for Salmonella enterica and Escherichia coli. 
Organisms Diameter of zone of inhibition in mm.  

Trials 1%A.A. 2%Glu 2%Chi 2%St A (Blend) 

Pathogenic bacteria       

Salmonella enterica I - 6.0 10.0 - 8.0 

 II - 6.0 8.0 - 8.0 

 III - - 7.0 - 9.0 

Non- pathogenic bacteria       

Escherichia coli I - 8.0 9.0 - 8.0 

 II - 7.0 8.0 - 9.0 

 III - 7.0 8.0 - 8.0 

 
 

Following observation can be concluded from the above experimental data 

i. Acetic acid and starch solution does not show any activity against both the strains (Salmonella enterica and 

Escherichia coli).  

ii. ii.Chitosan solution (2% with 1% acetic acid) shows the highest antimicrobial property (zone of inhibition 

range is 8.0-9.0 mm in diameter) for both the strains.  
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iii. iii.Blend/hydrogel also shows appreciable antibacterial property (zone of inhibition range is further same 

for both strains i.e. 8.0- 9.0 mm in diameter).  

iv. Glutaraldehyde solution (2 % with 1% acetic acid) taken as a crosslinking agent in the blend also shows 
antimicrobial behavior (zone of inhibition range is 0.0-6.0mm in diameter for S. enterica and 7.0-8.0mm in 

diameter for E.coli).  

As the effect of excess glutaraldehyde was minimized by repeated washing of the blend, therefore the 

antibacterial activity of the blend might be due to chitosan only.  

On the basis of the above experimental data and results it can be concluded that antibacterial activity of the 

blend might be due to chitosan only. Results also predict that the antibacterial property of chitosan reduces day 

by day. It is due to the biodegradable nature of chitosan. It degrades day by day and reduces the antimicrobial 

property but, after blending/crosslinking with glutaraldehyde its antibacterial property remains unaffected.    

 

IV. Conclusion 

 An antibacterial blend of starch and chitosan was prepared using glutarldehyde as crosslinking agent. 

Blending starch with chitosan in presence of gluteraldehyde as crosslinking agent preserves the biodegradibility 

of the starch and improves its poor mechanical properties The presence of high density amino and hydroxyl 

groups with inter and intra molecular hydrogen bonding gives a good film forming property to this antibacterial 

starch based blend.Incorporation of chitosan showed a good inhibitory property against the bacteria E.Coli and 

Salmonella Enterica. Starch blended with chitosan can be considered as an ideal candidate for food application 

specially in view of recent out breaks of contamination associated with food products and the negative 

environment impact of packaging materials currently in use.The food and drug administration (FDA) has 

approved the use of chitosan for certain food applications (edible films to protect foods) because of its 

environment friendly, biodegradability, antimicrobial activity, non-toxic and versatile chemical and physical 
properties.Antimicrobial packaging will become a potential packaging system which will kill or inhibit the 

pathogenic microorganism and thus will prevent the food from contamination and spoilage and hence extend the 

food shelf life leading to improvement of food quality.   
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