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                                                                                    Aim of the work 

AIM OF THE WORK 

Poly (vinyl alcohol) (PVA) is a non-toxic, water-soluble 

polymer which has good film forming and has a highly hydrophilic 

properties, while Carboxymethyl cellulose (CMC) is a polymer has a 

significant swelling capacity, non-toxicity, unique reactivation, 

hydrophilicity, molecular characteristics, and widely used in the 

pharmaceutical industry, Starch, on the other hand, is a naturally 

occurring polymer, low effective cost, and easy to handle. The 

blending of naturally occurring polymers like starch into other 

polymeric materials could provide biodegradable materials. In this 

regard polymer blend based essentially on incorporation of starch into 

the PVA, CMC matrix changes the physico-mechanical properties of 

the material and thus modifies the polymer structure at both the 

molecular and the morphological levels, irradiation of polymer blends 

can be used to crosslink or degrade the desired component polymer, or 

to fixate the blend morphology. The present work is undertaken to 

study the effect of gamma irradiation on the structure–property 

behavior of polymer blends based on various ratios of plasticized 

starch and poly (vinyl alcohol), plasticized starch and CMC. This 

study aims basically to use these blends in film industry as an edible 

coating material for food preservation. 

 



Abstract                                                                                                    

ABSTRACT 

    Blends based on different ratios of plasticized starch (PLST), poly 

(vinyl alcohol) (PVA) and carboxymethyl cellulose (CMC) were 

prepared by solution casting in the form of thin films. The PLST/PVA 

and PLST/CMC films were exposed to different doses of gamma 

radiation. The effect of gamma-irradiation on the thermal, mechanical 

and structure morphology properties was investigated. As an 

application in the field of the prolongation of food preservation life 

time, Mango fruits were coated with solutions of gamma-irradiated 

PLST/PVA and PLST/CMC blends in the presence of chitosan, as an 

antimicrobial material, to form thin films. The results showed that the 

gamma-irradiation improved all the physical properties, which 

provides suitable materials based on natural biodegradable polymers 

for food preservation withstanding the temperature and stresses. 
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CHAPTER I 

INTRODUCTION AND LITERATURE REVIEW 

 

1.1. Effect of Ionizing Radiation on Polymeric Materials  

   
   Chmielewski (2004) reported that the radiation technologies applying 

gamma sources and electron accelerators for material processing are well-

established processes. The technologies to be developed besides 

environmental applications could be nanomaterials, structure engineering 

materials and natural polymers processing.  

      Wilson (1974) reported that the ionizing radiation covers different 

types of radiation, such as electromagnetic waves, X-rays and γ-rays from 

radioisotopes (cobalt-60 and cesium-137). Also β-rays and electron 

beams generated by electron accelerators. Heavy particle radiations (e.g. 

alpha, accelerated deuteron and heavier ions) and neutron beams may be 

used for special purposes. It can be easily seen that there are generally 

undetectable differences in the effects produced by electrons and gamma 

rays at equal doses. Fast moving electrons lose their energy through 

electrostatic interaction with the electrons of irradiated medium. If energy 

transferred from the incident particles is higher than the binding energy of 

the electrons in the molecule, an electron may be ejected leaving behind a 

positively charged "ionized" molecule. If the amount of energy 

transferred to the molecule is less than its lowest ionization potential, 

electronic excitation may occurring giving rise to an excited state, which 

may or may not dissociate further into free radicals.  

     The two most common radiation types in industrial use are gamma and 

electron beam. The gamma facilities are mainly cobalt-60 (Clough, 

2001). The advantages of gamma radiation over other types include the  
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fact that gamma rays are very penetrating. The technology is extremely 

simple, so there is low downtime for a gamma source. In addition, it is 

not sensitive to electricity prices. Gamma sources are most commonly 

used today for radiation sterilization of disposable plastic medical items 

(Halls, 1991). 

 

     Electron beam machines play a significant role in the processing of 

polymeric materials; a number of different machine designs and different 

energies are available. Industrial electron beam accelerators with energies 

in the 150–300 MeV range are used in applications where low penetration 

is needed, such as curing of surface coatings (Berejka, 1993). 

Accelerators operating in the 1.5 MeV range are used where more 

penetration is needed, as in the cross-linking of cable insulation. High-

energy commercial electron beams, operating in the 10 MeV range, are 

used for applications such as sterilization of boxes filled with disposable 

medical devices (Descamps, 1995). Elecron beam machines have a high-

dose rate and therefore short processing times. While they have limited 

penetration compared with gamma, they conversely have good utilization 

of energy due to the following aspects: (1) all can be absorbed by the 

sample being irradiated. (2) Can be switched off when it is not in use. (3) 

They contain no radioactive isotope; this provides an advantage from a 

public acceptance standpoint. (4) No radioactive material is disposed off 

when the facility is decommissioned. 
           

1.1.1. Interaction of Radiation with Polymeric Materials  

      

        Bhattacharya (2000) reported that radiation technology is preferred 

over the other conventional energy resources due to some reasons, e.g. 

large reactions as well as product quality can be controlled, saving energy  
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as well as resources, clean processes, automation and saving of human 

resources etc. The irradiation of polymers can be applied in various 

sectors. The main applications are for modification of polymer materials 

through radiation crosslinking, degradation and grafting.  

     When the radiation from a gamma ray, electron beam or X-ray source 

interacts with a polymer material, its energy is absorbed by the polymer 

material and active species such as radicals are produced, thereby 

initiating various chemical reactions (Singh and Silverman 1992). The 

mechanism by which the radiation transfers energy to matter depend 

essentially upon the type of radiation, the overall effects of the three types 

of ionizing radiation are the creation of ionization and excitation, i.e. the 

production of ions and excited states. These species subsequently react in 

a number of ways, the result of which is the production of free radicals. 

The formed free radicals can react in a variety of ways, either 

unimolecularly or bimolecularly, with other radicals or with stable 

molecules to give stable products. The effect of ionizing radiation on high 

polymers may bring about different types of reactions. Two reaction 

processes occur when electromagnetic radiation passes through matter; it 

may interact either with the atomic nucleus or with orbital electrons. In 

the case of polymeric materials, reactions with orbital electrons are more 

frequent of the macromolecules, giving rise to a positive ion.   

 

–CH2–R   ^^^→    –
+ 

CH2–R + e
 -
         (1)        

When the ionized molecules are discharged by the thermal electrons, 

highly excited molecules are formed. 

 

  –
+
CH2–R + e

 -
   →   –

*
CH2–R         (2) 

 

 



CHAPTER I           Introduction and Literature Review 

__________________________________________________________  

 

4 

These excited molecules are decomposed into free radicals  
 

  –
*
CH2–R → –


CH–R + 


H             (3)  

      Thus, the primary effect of radiation on the polymer molecule is the 

formation of free radicals and the loss of atomic hydrogen. The free 

radicals can undergo a variety of reactions of four types as follows: 

(1) Abstraction  

      The hydrogen atom formed in reaction (3) may abstract a hydrogen 

atom from another polymer molecule, forming molecular hydrogen and a 

new radical is formed. 

  

–CH2–R + 

H →      –


CH–R + H2      (4) 

(2) Recombination  

     The recombination of free radicals is a process converse to 

decomposition of excited molecules and may leads to the formation of 

crosslinking. 

  R–

CH–R                 R– CH–R  

                   +      →           │               Crosslinked polymer (5) 

  R–

CH–R                 R– CH–R 

                                               

(3) Disproportionation  

      In this reaction, two radicals form a molecule transfer of an atom or      

group of atoms. 

–CH2 –

CH– + –CH2–


CH– → –CH = CH– + –CH2– CH2–     (6)  

(4) Polymerization  

     A polymerization reaction occurs if a free radical can combine with 

another molecule without losing its characteristics.  
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For example, a methyl radical can combine with an ethylene molecule to 

form a propyl radical.  

 

 
 
                       H          H     H                           H     H    H 

 . ׀     ׀      ׀                            ׀       ׀           .׀                        

                H – C    +     C =  C      →         H – C – C – C          (7) 

 ׀     ׀      ׀                            ׀       ׀            ׀                        

                       H           H     H                          H    H    H 
 

    

 This radical can combine further with other ethylene molecules to form 

larger molecules. This process can continue until the radical reactivity is 

lost by recombination or disproportionation reactions with another 

radical. In general, the effect of radiation will depend only on the total 

quantity of energy deposited in the material, regardless of the nature of 

the incident photons or particles. The new chemical bonds formed are 

capable to alter the structure of the polymeric material and will result in 

changing the chemical and physical properties of the irradiated 

substances. 

            

1.1.2. Radiation Crosslinking and Degradation of Polymers 

     

     Chemical changes are important to understand the effect of radiation 

on polymers, which are the basis for the explanation of physical changes. 

The effect of radiation on polymer may bring about different types of 

reactions (Charlesby, 1987 and Sawallow, 1973). These reactions lead 

to the formation of chemical bonds between the polymer chain 

(crosslinking) and  scission (degradation)  of  chemical  bonds in polymer  
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molecules. Radiolysis of high polymers have some other reactions such as 

gas evolution (hydrogen is always present), double bond formation and 

oxidation (in presence of oxygen, water and other oxygenated 

compounds). It has been observed that vinyl structure belong to the 

crosslinking type have the following structure: 

 
                                  H 

 ׀                                   

              – (– CH2 –   C –) – n                      Structure (I) 

  (R may be hydrogen or other group)               ׀                                   

                                   R 

On the other hand polymers which undergo chain scission upon 

irradiation have structure (II). 

                            R1  

 ׀                             

       – (– CH2 –   C –) – n                           Structure (II) 

 (R1 and R2 are not hydrogen )                        ׀                             

                            R2 

                                                            

    When the structure of vinyl polymer is such that each carbon atom of 

the main chain carries at least one hydrogen atom, the polymer is 

crosslinking. However, if a tetra-substituted carbon atom is present in 

main chain the polymer degrades. The net result of crosslinking is 

increasing molecular weight of the polymer with increasing irradiation 

dose until a three dimensional network is formed, in which each polymer 

chain is linked with other at the middle of its length, as in reaction (5). 

Crosslinking may occur also due to recombination of free radicals formed 

by scission of C-C bonds, reaction with the participation of double bond 

and cyclization reaction.  
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The general reaction for scission may be represented as follows; 
 

               R1             R1                                           R1                            R1 

 ׀                              ׀                                               ׀                ׀                

– CH2 – C – CH2 – C –   radiation        – CH2– C 

    +    – 


CH2– C – 

 ׀                              ׀                                               ׀                ׀                

               R2             R2                                            R2                           R2 
 

         

 

The irradiation of polymers, like the irradiation of many other organic 

compounds, is accompanied in many cases by intense gas evolution. It 

was observed that the main gaseous product of the radiolysis of 

crosslinking polymeric hydrocarbons is hydrogen. In degradation type 

polymers a large proportion of gaseous products are produced because of 

cleavage of the side groups at the quaternary carbon (Vereshchinskii and 

Pikaev, 1963).  It was also reported that the yield of gas evolution is 

much higher if the radiation is carried out at high temperatures and 

particularly if the polymer is irradiated above its glass transition 

temperature.  

        

    Generally, the properties of polymers differ widely depending on 

whether the polymer crosslinks or degrades (Mariam et al; 2003). The 

irradiation of crosslinking type polymers increases the molecular weight 

until a completely network structure is formed accompanied with a gel 

formation. This was followed by an increase in elastic modulus and 

tensile strength and decrease in elongation. Polymers, which undergo 

degradation, show a decrease in molecular weight and viscosity.  
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1.2. Synthetic and Natural Polymers  

1.2.1. Poly (vinyl alcohol) (PVA) 

      

     Martin (1971) reported that chemically, poly (vinyl alcohol) (PVA), 

can be represented structurally as follows: 

 

-CH2-CH-CH2-CH-

_ _

OH OH

n  

 

 

Although poly (vinyl alcohol) is usually used industrially without 

chemical modification, it undergoes reactions typical of long-chain 

alcohols. Most important commercially is its reaction with aldehydes to 

form poly (vinyl acetate). Hydroxyl groups along the chain can also be 

reesterified with acids, converted to cyano ethyl ether groups by reaction 

with acrylonitrile, or converted to hydroxyl ethyl groups using ethylene 

oxide. Poly (vinyl alcohol) can be cross-linked using difunctional or 

polyfunctional reagents. Poly (vinyl alcohol) is manufactured first by 

producing poly (vinyl acetate) from vinyl acetate monomer and then 

following this with alcoholysis of the poly (vinyl acetate) to poly (vinyl 

alcohol). These reactions are illustrated as follows: 
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CH = CH2

_

OCOCH3

n
- CH - CH2 - CH - CH2 -

_

OCOCH3

_

OCOCH3

catalyst

- CH - CH2 - CH - CH2 -

_

OCOCH3

_

OCOCH3

+ CH3OH

NaOCH3

- CH - CH2 - CH - CH2 -

_

OH

_

OH

+ CH3COOCH3

poly vinyl alcohol methyl acetate

poly vinyl acetate methanol

vinyl acetate poly vinyl acetate

n

n

n

 

 

     Polymerization of vinyl acetate monomer is carried out by 

conventional techniques such as bulk, solution, or emulsion 

polymerization. The resulting poly (vinyl acetate) is then dissolved in a 

solvent, usually methanol, and alcoholized with either an acid or alkaline 

catalyst. Poly (vinyl alcohol) is insoluble in the methanol and the by-

product methyl acetate was then precipitates out. It is then filtered, 

washed, dried and packaged. The poly (vinyl alcohol) is characterized by 

its solution viscosity or degree of polymerization and the percent 
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alcoholysis or degree of saponifications. 

    Poly (vinyl alcohol) was sold as a white, granular powder, soluble in 

water. The temperature at which complete solution occurs varies with the 

polymer grade and depends chiefly on hydrolysis percent. Poly (vinyl 

alcohol) grades of 87-89 % hydrolyzed show solubility readily in both 

cold and hot water. Above 90% hydrolysis, heating is required for 

complete solution. Solutions of fully hydrolyzed poly (vinyl alcohol) 

show no apparent change in properties on heating for several days at 

temperatures up to 100C. Partially hydrolyzed poly (vinyl alcohol) may 

show a gradual increase in hydrolysis percent on heating in aqueous 

solution.  

     Dutta, et al (1998) studied the influence of three parameters on the 

degree of crystallinity of poly (vinyl alcohol) (PVA) and poly (vinyl 

butyral) (PVB). These parameters were the polymerization degree, the 

hydrolysis degree, and the temperature. The degree of crystallinity was 

calculated on diffractograms obtained by X-ray diffraction. A 

comparative discussion was done between the PVA and PVB, behaviour 

and it was pointed out that PVB has a less degree of crystallinity than 

PVA over the temperature tested. Also, when the average molecular 

weight increased, degree of crystallinity increased in both cases. 

 

1.2.2. Carboxymethyl Cellulose 

      

     Klug (1965) reported that carboxymethyl cellulose (CMC) is 

frequently used loosely in the literature to mean the sodium salt. Sodium 

carboxymethyl cellulose is the most widely used water-soluble cellulose 

derivative. Sodium carboxymethyl cellulose is prepared by the reaction of  
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cellulose with sodium chloroacetate in the presence of sodium hydroxide. 

A side reaction, the conversion of sodium monochloroacetate to sodium 

glycolate, occurs simultaneously, as shown in the equation.  

R OH + NaOH + ClCH
2
COONa R OCH

2
COONa NaCl H Ocell cell + + 2

  

Cellulose                   Sodiumchloroacetate        Sodium carboxymethyl cellulose  

 

ClCH
2
COONa + NaOH HOCH

2
COONa + NaCl

 

Sodiumchloroacetate                        Sodium glycolate 

       As a polyelectrolyte with a high molecular weight, CMC is useful in 

aqueous solutions because of its thickening and protective colloid action. 

Applied from solution to form films it is useful as an adhesive and as a 

durable hydrophilic coating, resistant to oil and grease. The current uses 

of CMC are distributed among the following areas. Detergents, foods, 

textiles, paper size, pharmaceuticals and paints. New areas of use are 

being opened in the food industry. 

     CMC cannot be used because of a poor efficiency of cross-linking has 

been achieved. It was proposed that the cross-linker reacted with hydroxyl 

groups at cellulose main-chain. At high degree of substitution (DS), the 

majority of hydrogens at hydroxyl groups at C6 position are replaced by 

carboxymethyl groups (Balser, 1985). Few hydroxyl groups at C6 and the 

less reactive hydroxyl groups at C2 and C3 remain available for the cross-

linking reaction. Thus, only the  mixture  of CMC with another polymer 
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could be practically turned into the hydrogel by using chemical cross-

linking method. The concept to produce pure CMC hydrogel, without 

admixture of other polymer and without addition of low molecular-weight 

contaminant has initiated the application of ionizing radiation. Irradiation 

of polysaccharide material evoked some effects depending on the kind of 

polymer, parameters of irradiation, the phase of material under processing 

and others. The two main reactions, which influence the final properties 

of polymers include: (a) scission of main chain, leading to diminishing of 

the molecular weight of macromolecules and (b) crosslinking, the 

opposite process to degradation, which leads to the formation of 

macroscopic, insoluble material. The yield of scission and crosslinking, or 

more precisely the mutual ratio of these two parameters, determines the 

outcome. 

    Xiaohong, et al (2002) reported that the pasting curves of starches in 

gum (hydrocolloid) solutions at low concentrations (starch 3.6%, gum 

0.4%) were produced with a Brookfield viscometer. Gums produced a 

variety of effects on viscosities of starches during starch pasting (increase 

or decrease greatly or slightly or no effect). A viscosity increase before 

the normal starch pasting temperature was detected for normal maize 

starch in the presence of carboxymethyl cellulose (CMC), gellan, 

xanthan, guar gum, and sodium alginate. Waxy maize, waxy rice, tapioca, 

regular rice, potato, and wheat starches gave mixed responses. It appeared 

that interactions between certain leached molecules, primarily amyloses, 

and certain gums were responsible for the viscosity increase occurring 

before starch pasting. The pasting peak viscosity of potato starch was 

greatly decreased by negatively charged gums (CMC, carageenans, 

alginate, xanthan). The repelling forces between  the phosphate groups on  
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potato starch and the negative charges on molecules of these gums were 

hypothesized to be the cause. This hypothesis was supported by results 

from similar systems (potato starch plus salt solution and phosphorylated 

normal maize starch plus anionic gums), both of which systems also 

produced lower peak viscosities. It was found, by microscopic 

examination of potato starch heated to 95 °C in solutions of ionic gums 

without shear, that the gums altered the granule pasting process.  

     Cellulose and its derivatives (such as ethers and esters), together with 

starch, are the most important raw materials for the preparation of films. 

Methylcellulose (MC) is cellulose ether formed by the alkali treatment of 

cellulose, followed by reaction with methyl chloride. MC exhibits thermal 

gelation and exists in solution as aggregated bundles, held together by the 

hydrophobic clustering of methyl groups in regions of heavy substitution 

and by unsubstituted regions of native cellulose structure (Haque and 

Morris, 1993).  

 

1.2.3. Starches  

 

      Starch is a natural polymer of D-glucose containing amylose and 

amylopectin and is found in the majority of plants. Since it is abundant, 

renewable, inexpensive and biodegradable, starch was considered as one 

of the most promising raw materials for developing biodegradable 

plastics to reduce environmental impact of plastic wastes especially from 

packaging [Mohanty, et al (2000), Sinha and Bousmina, (2005)]. 

Generally, the native starch granules need to be converted into a 

homogeneous melt by introducing mechanical and thermal energy under 

controlled pressure and temperature  with  presence  of  water or  other  

http://libproxy.cortland.edu:2074/science?_ob=ArticleURL&_udi=B6T8J-482YVR4-5&_user=681912&_coverDate=08%2F31%2F2003&_alid=526971113&_rdoc=25&_fmt=full&_orig=search&_cdi=5088&_sort=d&_docanchor=&view=c&_acct=C000037440&_version=1&_urlVersion=0&_userid=681912&md5=2fba801278c7650c5a1a5282fb6c95d6#bib17
http://libproxy.cortland.edu:2074/science?_ob=ArticleURL&_udi=B6T8J-482YVR4-5&_user=681912&_coverDate=08%2F31%2F2003&_alid=526971113&_rdoc=25&_fmt=full&_orig=search&_cdi=5088&_sort=d&_docanchor=&view=c&_acct=C000037440&_version=1&_urlVersion=0&_userid=681912&md5=2fba801278c7650c5a1a5282fb6c95d6#bib17
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plasticizers  to disrupt the starch granular structure. The obtained 

continuous phase of viscous starch melt was known as thermoplastic 

starch, and it can be processed with existing plastic processing 

technologies, such as extrusion, injection molding, compressive molding 

and blow molding, etc. (Lorcks, 1998). Thermoplastic starch has found its 

applications in the plastic market to replace non degradable 

petrochemical-based products, especially the extruded foamed loose fills 

(Willett and Shogren, 2002). However, one of the major disadvantages of 

thermoplastic starch, the hydrophilic nature, seriously limits its wider 

applications. Since thermoplastic starch is sensitive to water, the water 

content of the materials changes with environmental humidity. This leads 

to mechanical properties of thermoplastic starch changing with ambient 

humidity during the service and storage. Numerous studies have been 

done in an attempt to overcome the hydrophilic nature of thermoplastic 

starch. Blending thermoplastic starch with biodegradable synthetic 

polymers is a common method to reduce water sensitivity of 

thermoplastic starch (Walia, et al 2002). However, because of lack of 

compatibility between hydrophilic thermoplastic starch and hydrophobic 

polymers, the blends usually have poor mechanical properties (Martin 

and Averous, 2001). Direct grafting of polymeric chains onto the starch 

backbone could hold starch and synthetic polymer together by chemical 

bonding so that the two dissimilar polymers could be intimately 

associated. But, this method gives rise to greater product cost. Coating 

water resistant layers at the surface of thermoplastic starch products is 

another approach to improve water resistance of thermoplastic starch 

[Andrad, et al (2005), Bangyekan, et al (2006), Jayasekara, et al 

(2004)]. This method also needs to solve the problem of poor interfacial 
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adhesion  between the surface layer and thermo-plastic starch substrate. It  

is well known that there are three hydroxyl groups on each of glucose 

rings in the amylose and amylopectin molecules. These hydroxyl groups 

are responsible for the hydrophilicity of starch materials. Chemical 

modification of cross-linking uses reagents having multifunctional groups 

(cross-linking agents) to react with the hydroxyl groups in starch and 

create intermolecular bridges so that starch molecule networks are formed 

(Woo and Seib, 1997). By cross-link modifications, easy swelling and 

gelatinization of native starch are inhibited; cross-linking modified starch 

granules are even solvable in boiling water. Cross-linked maize starch has  

been used to fabricate compression molded specimens and mechanical 

properties have been investigated (Silva, et al 2006). Cross-linking 

technology has also been applied to modify thermoplastic starch, but few 

of the works was to modify the extruded thermoplastic starch or their 

injection molded or compression molded products, most of the cross-

linking treatments were applied to starch films prepared by solution 

casting (Marques et al., 2006). A novel technology, photo cross-linking, 

has been developed recently to crosslink thermoplastic starch (Delville, et 

al 2003). This technology uses mixture of starch, plasticizers and 

sensitizers as feed stock to prepare thermoplastic starch by extrusion 

processing and converts the extruded thermoplastic starch into films, then 

applies UV irradiation to crosslink the prepared thermoplastic starch 

films. Surface modification of thermoplastic starch is an interesting 

approach which can change some surface properties of materials without 

changing their bulk composition and characteristics. By introducing 

hydrophobic groups to substitute the superficial hydroxyl groups of 

thermoplastic starch, the hydrophilic character of thermoplastic starch 
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surface was decreased Carvalho, et al (2005). 

      Starch is widely used in many industrial applications, such as food 

products as well as non-food applications such as in textile and paper 

industry. However, the native starch fails to meet certain properties 

required for particular end use, so, it is necessary to modify the native 

starch for particular end use (Kerr, 1968). Starch is plant storage material, 

deposited in plant’s storage organ in the form of granules, which size and 

dimensions are determined by botanical origin. It is composed of two 

alpha glucans: essentially linear amylose, and branched amylopectin. The 

amylose has a small degree of branching but it is predominantly regarded 

as a single chain. Its chain length (500–6000 glucose units) can vary with 

the botanical origin of the starch. The chain of amylopectin contains only 

up to 30 glucose units. However, the multitude of branching in 

amylopectin gives it a molecular weight that is 1000 times greater than of 

amylose  

     Yue Li, et al (2008) studied the modification of starch by combination 

with sodium carboxymethyl cellulose (CMC) to improve film properties. 

In this study, rice starches with different amylose content were heat 

treated in a dry state after being impregnated with low or medium 

viscosity CMC. Noticeable change was found in pasting properties of the 

starches after dry heat treatment with CMC. It indicated that crosslinking 

occurred between the starch and CMC. The waxy starch showed 

significant change in viscosity throughout pasting after dry heating with 

CMC, suggesting that the ester bonds were mostly formed between the 

hydroxyl groups in amylopectin branches of rice starch and carboxylate 

acid groups of CMC. Particle size also increased after heat treatment with  

CMC. The modified starch based films showed improvement in the 
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tensile  strength.  Both  water vapor  and oxygen permeability were 

reduced for the modified starch based films. Dynamic mechanical 

analysis (DMA) study showed that the values of G of modified starch 

based film were higher than those of native starch based film over the 

temperature range 40 to 60
o
C. The heating process with CMC could be 

used as a modification method for starch and provide desirable properties 

of starch based films.  

      The starches physical–chemical, functional properties and other 

industrial applications due to gelatinization, retrogradation, solubility, 

water absorption power and their rheological behaviour in pastes. These 

physical–chemical and functional properties were influenced by the 

shape, molecular structure and botanical source of native starches in the 

different vegetable sources (Wang and White, 1994). 

     Raffi, et al (1980) reported that modified starch and its derivatives 

have an important role in the textile industry where a large quantity is 

used in textile warp sizing, printing and finishing. The native starch 

however, cannot be easily processed because it has a large molecular size, 

insolubility and instability of viscous solution under varying temperature. 

Modification of starch can be achieved by different methods such as, 

chain cleavage and ether formation Khalil, et al (1987).  

     Chung, et al (2005) investigated water-barrier property of starch film 

using a magnetic resonance imaging (MRI) technique with a two-gelatin 

gel model system. A film was placed between two gels, which contained 

different amounts of sorbitol leading to high water activity (H-gel) and 

low water activity (L-gel) gels. The assembled model systems were used 

to investigate the changes of water status of gels during storage. A 

multislice-multiecho pulse sequence was applied to acquire a series of 
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transverse relaxation decay images, then spin-spin relaxation time (T2) of  

water protons of gelatin gels was calculated. The water migration from H-

gel to L-gel and water redistribution within the gel during storage was 

evaluated based on the results of T2 maps and T2 profiles. The water 

transference rate was significantly influenced by the types of film used to 

separate the gels. The starch-beeswax composite film had better water 

barrier ability than the starch film. The combination of two-gelatin gel  

model system and MRI techniques allowed the evaluation of the water-

barrier property of edible film prepared from biopolymers and also gave 

an insight into the physical structural change and chemical environmental 

conditions of gels due to water migration. 

     The natural side branches occurring in starch (amylopectin) affect film 

formation and rheological properties. The presence of side branches 

prevents intermolecular association because of the more compact 

configuration. Specifically, the hydrodynamic volume and radius of 

gyration of a branched polymer are lower with respect to a linear polymer 

of the same molecular weight (Hwang and Kokini, 1991). The 

differences in the film-forming properties of linear and branched 

polysaccharides are clearly indicated by linear amylose molecules, which 

form strong and flexible films whereas branched amylopectin-based films 

are weak and brittle ( Zobel, 1988).     

      Starch, as the most important and abundant polysaccharides in nature 

has been the subject of numerous research studies reporting, among 

others, on its film forming ability and its applications in the food industry 

[Arvanitoyannis, et al (1994), Ollett, et al (1991), Kirby, et al (1993), 

Gennadios and Weller, (1990), Gennadios, et al (1995), Shogren, 

(1993), Lourdin, et al (1995)]. 

http://libproxy.cortland.edu:2074/science?_ob=ArticleURL&_udi=B6T8J-482YVR4-5&_user=681912&_coverDate=08%2F31%2F2003&_alid=526971113&_rdoc=25&_fmt=full&_orig=search&_cdi=5088&_sort=d&_docanchor=&view=c&_acct=C000037440&_version=1&_urlVersion=0&_userid=681912&md5=2fba801278c7650c5a1a5282fb6c95d6#bib20
http://libproxy.cortland.edu:2074/science?_ob=ArticleURL&_udi=B6T8J-482YVR4-5&_user=681912&_coverDate=08%2F31%2F2003&_alid=526971113&_rdoc=25&_fmt=full&_orig=search&_cdi=5088&_sort=d&_docanchor=&view=c&_acct=C000037440&_version=1&_urlVersion=0&_userid=681912&md5=2fba801278c7650c5a1a5282fb6c95d6#bib32
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1.2.4. Effect of Ionizing Radiation on Synthetic Polymers 

 

     The formation of radicals in poly (vinyl alcohol) powder irradiated by 

-rays and the transformations of these radicals during photolysis with 

visible wavelengths and the thermal annealing was studied by 

(Zainuddin, et al 2001). After irradiation a four-line ESR spectrum was 

observed. It was assigned to a triplet of the C-radical (38%) and 

superimposed on a doublet (62%). The doublet appears to be composed of 

two radicals, one of which is photo-bleachable (58%) and the other which 

is not photo-bleachable (42%). This suggests that the latter radical is a 

neutral radical. The photo-bleachable component of the doublet was 

assigned to a carbonyl anion radical, but the second doublet due to a 

neutral radical is unassigned. The total G-value for formation of radicals 

was found to be 2.41± 0.03. Upon illumination with visible light, the 

anion radicals were removed and the doublet components of the spectrum 

diminished in intensity, while the three-line spectrum of the C-radical 

became more clearly visible. This transition was due to the photo-

detachment of electrons from traps, which were proposed to be located on 

carbonyl groups in the polymer resulting from incomplete hydrolysis of 

the  vinyl acetate.  The  photo-decay  of   the  anion   radicals  could  be 

satisfactorily described by a two-stage process. The first stage comprised 

the decay of approximately 80% of the anion radicals present, while the 

second stage was associated with the decay of the remaining 20%. 

Subsequent thermal annealing of a photolysed sample to 290 
o
k led to a 

change in the shape of the spectrum to form a more clearly defined triplet. 

         The   crosslinking  of   poly (vinyl alcohol)  films  under   ultraviolet  

irradiation in the presence of sodium benzoate was studied by (Teresa, et 



CHAPTER I           Introduction and Literature Review 

__________________________________________________________  

 

20 

al 2001). The analysis involved FTIR spectroscopy using the attenuated 

total reflectance technique (ATR). Principal component analysis (PCA) is 

a mathematical procedure that allows treatment of the entire infrared 

spectrum and is very appropriate for analyzing the chemical modifications 

initiated by sodium benzoate. By PCA, it was possible to clarify the 

mechanism of crosslinking of PVA. From this FTIR-PCA study, it was 

suggested that a free radical arising from the photolysis of sensitizer 

would abstract a tertiary hydrogen atom from the polymer chain to yield a 

polymeric radical. This radical reacts with O-H groups, leading to the 

formation of ether bonds between the polymeric chains and hence to 

crosslinking and non solubility of the PVA. 

     The crosslinking process of aqueous poly (vinyl alcohol) by -ray 

irradiation was studied by viscometric, dynamic and static light scattering 

(DLS and SLS) as well as size exclusion chromatography (Benlian, et al 

2000). Increases in the viscosity (), molecular weight (Mw) 

hydrodynamic radius (Rh) and radius of gyration (Rg) and a decrease in 

second virial coefficient (A2) were observed after -ray irradiation. 

However, both the values of () and A2 for irradiated PVA fall below the 

data of unirradiated PVA solutions; suggesting a conformational change 

of PVA chains after -ray irradiation. This structural change of PVA as a 

result of -ray irradiation was also indicated by the decreases in Rg/Rh 

from 1.5 to 1.39 by SLS and DLS and in Mark-Houwink exponent    

from 0.54 to 0.26 by SEC-Viscometry. The broadening of the Mw 

distribution (MWD) as indicated by the polydispersity index increased 

from 2.2 to 6.5 because of -ray irradiation 
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Jingyi, et al (2007) reported that activated carbon (AC) was incorporated 

into carboxymethyl cellulose (CMC) to form CMC/AC hybrid hydrogels 

with excellent elasticity and flexibility by radiation crosslinking. The 

effect of AC on the formation, properties and structure of CMC/AC 

hybrid hydrogels was discussed in terms of gel fraction, gel strength, gel 

swelling, TGA, FTIR spectra and SEM image. Compared with pure CMC 

hydrogel, the gel fraction, gel strength and thermal stability were 

improved obviously after incorporating AC into CMC hydrogels, and 

similar swelling ability were maintained up to the hybrid of 5%AC. FTIR 

and TGA spectra of the prepared gels after extracting sol revealed two 

findings: (1) radiation crosslinking reaction of CMC occurs in side chain 

of CMC molecules due to the presence of –OH and –CH2 groups; (2) AC 

enhanced the radiation crosslinking of CMC because AC was binding to 

CMC through physical adsorption and hydrogen bond as well as other 

interactions. From SEM images, it was found that AC particles were 

embedded in the network of CMC gels to form a uniform structure. 

     Radiation effects on the formation of conjugated double bonds in the 

thermal degradation of poly (vinyl chloride) (PVC) and poly (vinyl 

alcohol) (PVA) were investigated (Wenwei, et al 1998). Thin films of 

PVC and PVA were either irradiated with -rays at ambient temperature 

(pre- irradiation) and then subjected to thermal treatment, or irradiated at 

elevated temperatures (in-situ irradiation). An extensive enhancement of 

the thermal degradation was observed for the pre- irradiation of the PVC 

films, which was more effective than the effect of the In-situ irradiation at  

the same absorption dose. For the PVA degradation, however, the effect 

of   the  in-situ  irradiation   was  larger  than  that of  the  pre - irradiation.  

The results were explained and related mechanisms were discussed based 
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on radiation-induced chemical reactions and their individual contributions 

to the thermal degradation behaviors of the two polymers. 

     Wang, et al (1998) studied the crosslinking of PVA by gamma rays in 

aqueous solution. The static-dynamic laser light scattering method was 

employed for determining the molecular weight, hydrodynamic radius 

and radius of gyration for the original PVA and its radiation products. 

The gamma-ray irradiation of PVA solutions with different 

concentrations was performed at different dose levels. It was found that 

both molar mass and size (i.e., Rg and Rh) of the radiation products 

increased with increased dose. The magnitude of these increases was 

enhanced by decreasing the polymer concentration (Cp) in particular, at 

Cp less than the critical polymer concentration leading to micro-gel 

formation. Very rapid increases in mass and size were observed even at a 

low dose level. In order to obtain more detailed information about the 

irradiation-induced cross-linking of PVA, the dose dependence of the 

molar concentration of intermolecular cross-linking in the system as a 

function of Cp using the dose curves of MW was studied. It was apparent 

that regardless of Cp, the intermolecular cross-linking reactions were 

dominant in the initial stage of irradiation. The radiation yield of 

intermolecular cross-linking was found to increase linearly with 

increasing Cp and at Cp greater than the overlap concentration. It 

asymptotically approached a limiting value estimated from the 

dimerization of pentane 2, 4-diol as a model compound of PVA. 

    Brasch and Burchard (1996) applied the laser light scattering 

technique to study the change of PVA microgel particles crosslinked with 

glutaraldehyde by the examination of Mw, hydrodynamic radius (Rh) and 

the radius of gyration (Rg) of the resulting gel particles This study was 
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based on their finding on the inter- and intramolecular cross-linkgs and 

mechanism of microgel formation by -rays irradiation at the polymer 

concentration (Cp) < critical polymer concentration (Cpc) through the 

viscometry and laser light scattering (static and dynamic light scattering 

studies. These measurements enabled them to analyze the conformational 

and structural changes of PVA chains during micro-gel formation due to 

-rays irradiation.  It was found  that the  irradiation  induces the hydrogel  

formation at Cp > Cpc, and inter-polymer cross-linking. The further 

irradiation turns it into a "soft sphere" with a distinct surface owing to the 

following intera-polymer crosslinking. However, most applications of 

PVA are concerned with the hydrogels formed at Cp > Cpc.  

     Chen and Lin (1994) found that the modification of PVA can be 

carried out by ultraviolet, (UV), irradiation in the presence of sensitizers 

or by chemical reactions. These processes can lead to the cross-linking of 

PVA molecules, making the polymer water-insoluble, and to an increase 

in its reactivity. For example, formaldehyde and boric acid have also been 

used to crosslink PVA membrane. The importance of the use of PVA 

membranes as support for the immobilization of enzymes was pointed 

out.  

     The photochemical reaction of PVA bearing aromatic azide groups, 

(using near-UV irradiation of maximum wavelength of 345nm), was also 

applied to the immobilization of -glucosidase on PVA membrane (Wu, 

et al 1997). This concept was applied to the immobilization of Penicillin's 

on PVA membrane prepared by cross-linking initiated by UV irradiation. 

It allowed one penicillin electrode to be prepared. 

     In order to improve the heat stability of poly (vinyl alcohol) hydrogel, 

acetalized PVA was irradiated with electron beam irradiation 
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(Darmawen, et al 1995), the acetalization was strongly affected by PVA 

water content. There is optimum water content of 20-30% for 

acetalization  of  PVA. The PVA gave maximum tensile strength at a dose  

of 100 kGy before or after acetalization. The PVA hydrogel maintained 

tensile strength of 10 MPa, even after 90 min boiling (98°C) in water or 

autoclave sterilization (121°C). It was confirmed that irradiation after, or 

before,  acetalization  is effective  for  enhancing  heat  resistance of  PVA  

hydrogel. The hydrogel was transparent, soft, had high tensile strength, 

and high hot water resistance.  

     The fall of viscosity of poly (vinyl alcohol), in the powder form, after 

irradiation was studied (Gongxu, et al 1993). Gel does not occur after a 

dosage of above 1000 kGy. The G-values for scission under various 

conditions were measured. Irradiation of PVA brings about an increase in 

the intensity of a number of bands in the UV spectrum. It was shown that 

formation of unsaturated bonds and carbonyl groups occur under 

irradiation. The other one of radiolysis products is organic acid. After 

irradiation the hydrolysis degree was unchanged. 

     Gamma radiation produces free radicals that can alter starch molecular 

size and structure. Changes in the starch molecular size and structure can 

decrease the viscosity of starch for application in textile and paper sizing. 

The size ability of maize and rice starches were greatly improved after 

exposing to gamma irradiation as indicated from carbonyl and carboxyl 

group analysis as well as apparent viscosity and solubility Hebeish, et al 

(1992). The application of these radiation oxidized starches to cotton 

fabrics indicates the suitability of these materials as sizing agents as 

observed from the results of size removal and mechanical properties. This 

trend of studies was further developed to prepare water-soluble blends 
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based on starch and synthetic polymers.    
  
  

 
    

     Burillo, et al (1990) supposed a different mechanism for cross-linking 

during irradiation and has gained widest acceptance. According to this 

mechanism, a lateral bond is formed during the interaction of two 

polymeric radicals sufficiently close to each other. The formation of this 

radical pair as a result of two independent primary events is in practice 

impossible   because  of  the  random  distribution   of  the  ionization  and  

excitation in the substance. It is natural to assume that after the hydrogen 

atom has split off from the polymer molecule, it splits another hydrogen 

atom forming the second polymeric radical. This position become much 

simpler if one allows for the possibility of intra and intermolecular 

migration of the polymeric radical, favoring the mutual interaction of 

these radicals. In this work, different vinyl polymers such as polystyrene 

polypropylene, poly (vinyl alcohol) and poly (ethylene glycol) were 

irradiated with gamma rays under a hydrogen atmosphere and the 

increase in formation was compared with that by air or vacuum irradiation 

in order to determine the importance of H2 in cross-linking.  

     The infrared and ultraviolet spectra of poly (vinyl alcohol) treated with 

ferric chloride and zinc chloride was studied (Rabie, et al 1990). Careful 

examination of the infrared spectra revealed that these treatments cause 

significant changes in the crystallinity of PVA, particularly in the case of 

the treatment with ZnC12. The results showed that exposure of untreated 

and FeCl3 -treated PVA to 120 or 280 kGy results in no observable 

changes in their ultraviolet and infrared spectra features. The exposure of 

ZnCl2 treated PVA at the same dosages results in the appearance of an 

absorption band at 1595 cm
-1

 corresponding to β-diketone groups. It was 

also found that gamma- irradiation of ZnCl2 treated PVA produces a 
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remarkable change in its crystallinity. Moreover, the effect of heat on the 

spectral features of the ZnCl2 treated PVA was discussed. It was found 

that the treatment of PVA with ZnC12 helps in oxidative degradation of 

PVA.  

     The study of free radicals produced by -irradiation of poly (vinyl 

alcohol), under different conditions was a subject of interest for three 

decades. (Abraham and Whiffen, 1958)  reported an ESR triplet for PVA  

irradiated in vacuum at room temperature. The triplet decayed to a singlet 

in a few weeks. These were assigned to unstable and stable free radicals. 

They interpreted the triplet as due to the free radical, ~CH2-CH(OH)-

CH2~, by assuming the steric configurations of PVA that the unpaired 

electron do not interact with the  protons.  

     Electron spin resonance (ESR) of -irradiated poly (vinyl alcohol) 

(PVA) at room temperature was used to identify the radiation damage 

products by (Sanjeeva and Ramakrishna, 1987). The ESR spectrum was 

analyzed by using least squares fits between observed and calculated 

spectra, assuming various free radical species. The best theoretical fit, 

together with UV absorption data, enabled the assignment of the observed 

ESR spectrum. The existence of carbonyl macro free radicals, probably 

with aldehyde functional groups, is proposed in irradiated PVA.  

     Acetalized poly (vinyl alcohol), synthesized from PVA and aldehyde 

or ketone was evaluated as electron beam (EB) resists in order to 

investigate the relationship between EB sensitivity and chemical 

structures of the polymers. (Oguchi, et al 1989). It was found that the 

acetalized PVAs were easily cross-linked by EB exposure. The main 

mechanism of cross-linking may be radical reaction at acetal groups. The 

sensitivity of the acetalized PVA depended on the structure of the acetal 
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group. Acetalized PVAs synthesized from benzaldehyde, in which the 

electron attracting group was substituted on the benzene ring and from 

linear aliphatic aldehyde having a long alkyl chain had high sensitivity. A 

high sensitivity was attained when the acetalized PVA synthesized from 

p-chloro-benzaldehyde. Acetalized PVAs synthesized from PVA and 

aldehyde having a cyclic structure had an excellent dry etching durability 

and were suitable as negative EB resists.  

     Hydrogels are three-dimensional hydrophilic polymer networks 

capable of imbibing large amounts of water, which have been used widely 

in the field of biomedicine and pharmacy [Peppas, (1986), Rosiak and 

ulanski, (1999)] such as soft contact lenses, wound dressing, super-

absorbents, drug delivery systems, etc. Synthetic polymers such as 

polyvinyl alcohol (PVA), poly-N-vinyl pyrrolidone (PVP), polyethylene 

oxide (PEO) hydrogels have been studied widespread but their properties 

need to be improved further for special applications [Huglin and 

Zakaria, (1986), Yoshii, et al (1999)]. Hydrogels of natural polymers, 

especially polysaccharides, also have been used recently because of their 

unique advantages. Polysaccharides are, in general, non-toxic, 

biocompatible, biodegradable, and abundant [Cascone, et al (2001), Chen 

and Park, (1995)]. However, as polysaccharides dissolve easily in water, 

cannot form stable hydrogel, an effective method is to make them into a 

synthesized polymer gel networks to form natural and synthesized 

polymer blend hydrogels, which is becoming a subject of academic as 

well as of industrial interest. Entrapping crosslinking of polysaccharides 

with synthetic polymers has been reported [Kaetsu, (1996) and Rosiak, et 

al (1989)]. Recently, kappa-carrageenan (KC) was found to enhance the 

properties of the hydrogels by incorporating KC into water-soluble 

http://libproxy.cortland.edu:2074/science?_ob=ArticleURL&_udi=B6TFD-459J44N-2&_user=681912&_coverDate=11%2F15%2F2002&_alid=526998972&_rdoc=48&_fmt=full&_orig=search&_cdi=5224&_sort=d&_docanchor=&view=c&_acct=C000037440&_version=1&_urlVersion=0&_userid=681912&md5=ae8a90a120d859827d21426d2047f5d1#bib10
http://libproxy.cortland.edu:2074/science?_ob=ArticleURL&_udi=B6TFD-459J44N-2&_user=681912&_coverDate=11%2F15%2F2002&_alid=526998972&_rdoc=48&_fmt=full&_orig=search&_cdi=5224&_sort=d&_docanchor=&view=c&_acct=C000037440&_version=1&_urlVersion=0&_userid=681912&md5=ae8a90a120d859827d21426d2047f5d1#bib11
http://libproxy.cortland.edu:2074/science?_ob=ArticleURL&_udi=B6TFD-459J44N-2&_user=681912&_coverDate=11%2F15%2F2002&_alid=526998972&_rdoc=48&_fmt=full&_orig=search&_cdi=5224&_sort=d&_docanchor=&view=c&_acct=C000037440&_version=1&_urlVersion=0&_userid=681912&md5=ae8a90a120d859827d21426d2047f5d1#bib5
http://libproxy.cortland.edu:2074/science?_ob=ArticleURL&_udi=B6TFD-459J44N-2&_user=681912&_coverDate=11%2F15%2F2002&_alid=526998972&_rdoc=48&_fmt=full&_orig=search&_cdi=5224&_sort=d&_docanchor=&view=c&_acct=C000037440&_version=1&_urlVersion=0&_userid=681912&md5=ae8a90a120d859827d21426d2047f5d1#bib14
http://libproxy.cortland.edu:2074/science?_ob=ArticleURL&_udi=B6TFD-459J44N-2&_user=681912&_coverDate=11%2F15%2F2002&_alid=526998972&_rdoc=48&_fmt=full&_orig=search&_cdi=5224&_sort=d&_docanchor=&view=c&_acct=C000037440&_version=1&_urlVersion=0&_userid=681912&md5=ae8a90a120d859827d21426d2047f5d1#bib2
http://libproxy.cortland.edu:2074/science?_ob=ArticleURL&_udi=B6TFD-459J44N-2&_user=681912&_coverDate=11%2F15%2F2002&_alid=526998972&_rdoc=48&_fmt=full&_orig=search&_cdi=5224&_sort=d&_docanchor=&view=c&_acct=C000037440&_version=1&_urlVersion=0&_userid=681912&md5=ae8a90a120d859827d21426d2047f5d1#bib3
http://libproxy.cortland.edu:2074/science?_ob=ArticleURL&_udi=B6TFD-459J44N-2&_user=681912&_coverDate=11%2F15%2F2002&_alid=526998972&_rdoc=48&_fmt=full&_orig=search&_cdi=5224&_sort=d&_docanchor=&view=c&_acct=C000037440&_version=1&_urlVersion=0&_userid=681912&md5=ae8a90a120d859827d21426d2047f5d1#bib6
http://libproxy.cortland.edu:2074/science?_ob=ArticleURL&_udi=B6TFD-459J44N-2&_user=681912&_coverDate=11%2F15%2F2002&_alid=526998972&_rdoc=48&_fmt=full&_orig=search&_cdi=5224&_sort=d&_docanchor=&view=c&_acct=C000037440&_version=1&_urlVersion=0&_userid=681912&md5=ae8a90a120d859827d21426d2047f5d1#bib12


CHAPTER I           Introduction and Literature Review 

__________________________________________________________  

 

28 

polymer systems such as PEO [Tranquilan, et al (1999), and Zhai, et al 

(2000)]. 

 

1.2.5. Effect of ionizing Radiation on Natural Polymers  

 

      Ling, et al (2007) studied the radiation effect of γ-ray on 

carboxymethylated chitosan (CM-chitosan) in solid state. The changes in  

molecular weight of CM-chitosan with absorbed dose were monitored by 

viscosity method. Experimental results indicated that random chain 

scissions took place under irradiation and CM-chitosan had high radiation 

stability. Biomaterials composed of CM-chitosan can be thought to 

sterilize with low absorbed dose. FTIR and UV spectra showed that main 

chain structures of CM-chitosan were retained, carbonyl/carboxyl groups 

were formed and partial amino groups were eliminated in high absorbed 

dose. XRD patterns identified that the degradation of CM-chitosan 

occurred mostly in amorphous region. 

      Ciesla, et al (2004) used gamma irradiation as an effective method for 

the improvement of both barrier and mechanical properties of the edible 

films and coating based on calcium and sodium caseinates alone or 

combined with some globular proteins. The studies were concerned with 

gamma irradiation influence on the physical properties of calcium 

caseinate-whey protein isolate-glycerol (1:1:1) solutions and gels, used 

for films preparation. Irradiation of solutions was carried out with 
60

Co 

gamma rays applying 0 and 32 kGy dose. The increase in viscosity of 

solutions was found after irradiation connected to induce crosslinking. 

Lower viscosity values were detected, however, after heating of the 

solutions irradiated with a 32 kGy dose after heating of the non-irradiated 
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ones regarding differences in the structure of gels and resulting in 

different temperature- viscosity curves that were recorded for the 

irradiated  and  the  non-irradiated  samples  during  heating  and  cooling.   

Creation of less stiff but better ordered gels after irradiation arises 

probably from reorganization of a periodic phase and beta-sheets, in 

particular from increase of beta-strands, detected by FTIR. Films obtained 

from these gels are characterized by improved barrier properties and 

mechanical resistance and are more rigid than those prepared from the 

non-irradiated gels. The route of gel creation was investigated for the 

control and the irradiated samples during heating and the subsequent 

cooling.  

     Senna, et al (2004) prepared films of polymer blends based on various 

compositions of maize starch (MS) and poly (vinyl alcohol) (PVA) by 

solution casting technique using water as a common solvent. These 

blends were exposed to gamma irradiation to dose range of 20-200 kGy. 

The effect of gamma irradiation on structural properties in terms of 

viscosity, solubility, thermal and mechanical properties, fracture surface 

morphology and infrared spectroscopic analysis was investigated. The 

rheological studies showed that gamma irradiation changes the behavior 

of native maize starch from dilatant’s fluid to Newtonian according the 

change of viscosity with shear rate.  However, irradiated and unirradiated 

MS/PVA blends displayed similar behavior to irradiated pure starch. 

Differential scanning calorimetry (DSC) was used to investigate the glass 

transition (Tg), endothermic transition of gelatinization of starch and the 

crystalline melting of MS/PVA blends. The visual observation showed 

that MS/PVA is immiscible or partially miscible over a wide range of 

composition. DSC thermograms showed the sub-Tg transition of pure 
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starch and that of pure PVA. However, morphology examination by 

scanning electron microscope (SEM) suggested the occurrence of partial 

miscibility between  MS and PVA particularly in case of irradiated blends  

containing higher content of MS. This improvement in morphology was 

confirmed by the improvement in tensile mechanical properties in terms 

of stress at yield and break points.  

      Long, et al (2003) studied a series of excellent hydrogels prepared 

from poly (vinyl alcohol) (PVA) and carboxymethylated chitosan (CM-

chitosan) with electron beam irradiation (EB) at room temperature. 

Electron spectroscopy analysis of the blend hydrogels revealed that good 

miscibility was sustained between CM-chitosan and PVA. The properties 

of the prepared hydrogels, such as the mechanical properties, gel fraction 

and swelling behavior were investigated. The mechanical properties and 

equilibrium degree of swelling improved obviously after adding CM-

chitosan into PVA hydrogels. The gel fraction determined gravimetrically 

showed that a part of CM-chitosan was immobilized onto PVA hydrogel. 

The further analyses of FTIR and DSC spectra of the prepared gels after 

extracting sol manifested that there was a grafting interaction between 

PVA and CM-chitosan molecules under irradiation. The antibacterial 

activity of the hydrogels against Escherichia coli was also measured via 

optical density method. The blend hydrogels exhibited satisfying 

antibacterial activity against E. coli, even when the CM-chitosan 

concentration was only 3 wt%. 

     Le Hai, et al (2003) studied radiation de-polymerization of chitosan by 

gamma irradiation in the solid state. The radiation chemical de-

polymerization yield (Gd) of chitosan in the solid state determined by gel 

permeation chromatography is 0.9 for chitosan 10B and 1.8 for chitosan 
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8B. Low molecular weight chitosan/or oligochitosans were separated 

from a chitosan de-polymerized by gamma radiation, using mixtures of 

methanol–water and acetone as the solvents.  Due to the differences in 

solubility revealed upon radiolysis, extracts became subdivided into 

precipitates and soluble fractions.  

     Fumio, et al (2003) reported that polysaccharides such as cellulose, 

starch, chitin/chitosan and their water-soluble derivatives have been 

known as degradable type polymers under action of ionizing radiation. 

They found that water-soluble polysaccharides derivatives such as 

carboxymethyl cellulose (CMC). Carboxymethyl starch (CMS) and 

carboxymethyl chitin (CMCT), carboxymethyl chitosan (CMCTS) lead to 

radiation crosslinking at high concentrated aqueous solution (more than 

10%, paste-like state). It was proved that the cross-linking was 

remarkably affected by their concentration. It was assumed that radiation 

formation of hydrogels of these polysaccharides derivatives were mainly 

due to the mobility of side chains. Side-chains radicals were formed 

mostly via indirect effects, by the abstraction of H atoms by the 

intermediate products of water radiolysis. Some important characteristics 

of these novel hydrogels were also investigated. These hydrogels 

exhibited good swelling in water and possess satisfying biodegradability.  

      Radoslaw, et al (2003) investigated carboxymethyl cellulose (CMC) 

hydrogel formed by ionizing radiation at highly concentrated aqueous 

solutions. It was found to undergo swelling depending on the pH of the 

swelling media. Swelling increases at neutral and basic pH due to 

ionization of carboxymethyl groups on side chains. The presence of 

charges develops repulsive forces between polymer chains of the network  

causing its expansion. Hydrogel in relaxed state as well as dried gel 
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reveals good mechanical properties. It was considered that intermolecular 

cross-linking reactions occur by a radical route. Radicals placed on 

anhydroglucose    repeating    unit   as   well   as   on   side   chains   were  

distinguished from ESR spectra of CMC. A stable doublet signal with 

2.0mT splitting constant belongs to a radical placed on the α-carbon atom 

of the substituent group, R–O–
*
CH–COO–. It was assumed that this 

species participates in intermolecular cross-linking.  

      Lacroix, et al (2003) investigated the mechanical properties of cross-

linked edible films based on calcium caseinate, whey and soya proteins. 

Crosslinking of the proteins was carried out using thermal and radiation 

treatments. The formation of bityrosine was found to increase with the 

irradiation dose for all formulations. Gamma irradiation combined with 

thermal treatment improved significantly the puncture strength for all 

types of films. Transmission electron microscopy showed that the 

mechanical characteristics of cross-linked films are closely related to their 

microstructures. Irradiated formulations showed also significant 

improvements of the barrier properties, namely water vapor permeability. 

Size-exclusion chromatography performed on the cross-linked proteins 

showed that gamma irradiation increased the molecular weight of calcium 

caseinate while little change was observed for the whey proteins. Gamma 

irradiation induced some modifications structure. Cross-linking by 

gamma irradiation seems to modify to a certain extent the conformation 

of proteins which will adopt more ordered and more stable structures, as 

suggested by x ray diffraction analysis. A loss of protein-water interaction  

was observed on cross-linked protein by isothermal calorimetry. 

Biodegradability evaluation on cross-linked films showed that the net 

bacterial degradation was 86% and 36% for films irradiated at 4 and 64 
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kGy, respectively, confirming that cross-links produced by gamma 

irradiation slowed the biodegradation of the material. The combined 

effect of gamma  irradiation and antimicrobial  coating on the shelf-life of  

pre-cooked shrimp (penaeus spp.) and over-ready all dressed pizza was 

also investigated.  

     Long Zhao, et al (2002) irradiated carboxymethyl-chitin (CM-chitin) 

and its deacetylated product carboxymethyl chitosan (CM-chitosan) in 

aqueous solutions at various irradiation doses by high-energy radiation 

electronic accelerator in vacuum. Carboxymethylated chitin derivatives 

irradiated at paste-like conditions were found to introduce cross-linking 

structure. When the dosage of electron beam irradiation was 20 kGy or 

more, transparent hydrogels could be produced. In the case of CM-

chitosan, high degree of deacetylation was found to negatively correlate 

to cross-linking even if it has a high degree of substitution. The hydrogels 

created from carboxymethylated chitin derivatives, exhibited excellent 

mechanical properties and good swelling in water. The further study on 

the swelling properties at various conditions indicated that CM-chitin and 

CM-chitosan hydrogels displayed characteristically pH-sensitive 

character in their swelling behavior. The gel of CM-chitosan with high 

DS (0.91) swelled in acid (pH, 3.5) and alkaline (pH. 6) conditions and 

de-swelled between pH 3.5 and 6.0 due to the ionic composition changes 

of the gel network. In addition, the antibacterial activity against 

Escherichia coli was also found in CM-chitosan hydrogels. 

     Krystyna Ciesla, (2002) presented a study of the influence of the 

conditions applied during differential scanning calorimetry (DSC) 

measurements (concentration and heating rate) on the possible detection 

of the differences between gelatinization occurring in both non-irradiated 
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and irradiated potato starch with a dose of 20 kGy. Differences in 

gelatinization of irradiated and non-irradiated potato starch during DSC 

analysis was attributed to the radiation induced destruction of crystalline 

ordering. This was confirmed by studies of the samples irradiated to very 

high doses (446 and 600 kGy), and by comparing with the effect of 

grinding.  

     Bertolini, et al (2001) irradiated Cassava starch which is degraded by 

UV irradiation, particularly when previously acidified with lactic acid. 

Gamma irradiation also induces starch degradation through the formation 

of free radicals. They aimed at confirming the hypothesis that free 

radicals are formed in starch through UV treatment and to compare free 

radical formation and the extent of degradation in native or acidified 

starches as a result of UV and gamma irradiation. Both types of 

irradiation result in a decrease in starch intrinsic viscosity. Electronic spin 

resonance (ESR) shows that radicals formed in UV irradiated samples are 

similar to those produced by gamma irradiation. 

     Tombs, et al (1998) prepared Chitosan from chitin by deacetylation. It 

is one of the second most abundant polysaccharides in nature next to 

cellulose, obtained by full or partial deacetylation of chitin, mainly from 

the shell of shrimp, lobster and crab. Chitosan is described in terms of the 

degree of deacetylation and of molecular weight. It can be considered as a 

copolymer consisting of glucosamine and N-acetylglucosamine units 

linked by 1-4 glycosidic bonds. Due to many unique properties such as 

biocompability, biodegradability, bioactivity and non-toxicity, 

chitin/chitosan are extensively studied and used widely in food processing 

to increase viscosity, as emulsifiers in medicine and in cosmetics as 

carriers for drugs, enzymes, tissue, wound dressing, hair spray, skin care 
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cream, etc. 

     Mezgheni, et al (1998) used gamma irradiation to produce free-

standing, sterilized edible films based on caseinate, 5% (w/w). Caseinate 

was solubilized and exposed to gamma rays at a mean dose rate of 2.18 

kGy/h for doses of 8, 16, 32, 64, 96 and 128 kGy at 20 ±2
o
C. Films were 

cast by pipetting 5 ml solution on to smooth rimmed 8.5 cm internal 

diameter plexiglass plates and drying overnight at room temperature (20 

±2
o
C). Film thickness was in the range 30 to 50 micron. The effects of 

Ca
2+

 (0.125 and 0.25%) and 2% plasticizer, propylene glycol (PG) and 

triethylene glycol (TEG) at 2.5 or 5%, were investigated, in terms of the 

effect of irradiation on gel formation and mechanical properties of the 

resulting films. Gamma irradiation provoked formation of bityrosine, i.e. 

cross-links, accounting for the increase of the puncture of cross-links, 

leading to improved mechanical strength of films. TEG interacted more 

favorably with caseinate than PG, being responsible for the improved film 

extensibility. Addition of Ca
+2 

caused the formation of gels. The breaking 

strength of gels was directly related to the concentration of Ca
+2

, while 

the puncture strength of films was independent of Ca
+2 

concentrations. A 

high irradiation dose affected protein structure, which is the reason for the 

decrease in the breaking strength of the gels and the depreciation of the 

mechanical behaviour of the films.  

     Lee-Yong, et al (1998) reported that chitosan has potential biomedical 

applications that may require the final products to be sterilized before use. 

The gamma irradiation of purified and highly deacetylated chitosan fibers 

and films at sterilizing doses (up to 25 kGy) caused main chain scissions. 

The viscosity average molecular weight of the polymer decreased with 

increasing irradiation dose, the radiation yields of scission being 1.16 in 
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air and 1.53 in anoxia. Preirradiation application of a negative pressure of 

100 kPa disrupted the network structure, which may have contributed to 

the greater radiation yield obtained by chitosan fibers in anoxia. Radiation 

induced scission of the chitosan chains resulted in a lower glass transition 

temperature (Tg), indicative of higher segmental mobility. The Tg was 

below ambient at an irradiation dose of 25 kGy in air. Irradiation in air 

improved the tensile strength of the chitosan film, probably due to 

changes in chain interaction and rearrangement. Irradiation in anoxia did 

not affect film properties significantly, partly because the pre-irradiation 

application of negative pressure had a negligible effect on the structure of 

the chitosan film. Polymer network structure and the irradiation 

conditions are therefore important determinants of the extent of radiation 

induced reactions in chitosan.  

 

1.3. Polymer Blends  

 

     Recent research and development of polymer materials has been 

directed to blending of different polymers to obtain new products having 

some of the desired properties of each component to graft 

copolymerization and the very costly to develop new homopolymers. 

There are different reasons for blending two or more polymers together: 

(1) to improve the polymer process ability, (2) to enhance the physical 

and mechanical properties of the blend, making them more desirable than 

those of the individual polymers in the blend and (3) to meet the market 

force. An example of the last one is the current growing interest in the 

plastic recycling process where blending technology may be the means of 

deriving desirable properties from recycled products. Several reviews of 
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polymer blends have been published [Manson and Spering, (1976), 

Krause, (1978)] Polymer blends display a broad range of behavior, 

ranging   from   toughened   elastomers   to   impact   resistant    plastics. 

The purpose of polymer blends is largely concerns with economics, 

processing characteristics and properties such as functionalization, high 

performance and durability. 

 

1.3.1. Types of polymer Blends 

  

     Polymer blends can be roughly divided into two groups, miscible and 

immiscible blends. Miscible blends satisfy the thermodynamic criteria for 

single-phase systems, i.e. characterized by a single glass transition 

temperature (Tg) and homogenous micro structure (Krause, 1972).
 
Most 

polymer blends are immiscible on the molecular scale and form 

heterogeneous systems. Immiscible polymer blends are characterized as 

exhibiting more than one glass transition temperature (Tg). Such blends 

normally exhibit relatively poor physical properties because of poor 

adhesion between the two phases. It is also responsible for high interfacial 

tension. The lack of interfacial adhesion is also a barrier to efficient 

transfer of stress between the phases and explains the disappointing 

mechanical behaviour observed.  

     Research works [Hildbrand and Scott, (1950), Pazonyi and 

Dimitrove, (1967), and Scott, (1952)] have revealed that the basic criteria 

that play an important role in determining mutual miscibility of polymers 

are: the difference between solubility parameters of polymers, the 

behaviour of mixtures of solutions of the respective polymers and the 

difference between polarities of polymers. Also, the single compound 
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behaviour of the polymer-polymer blends, the regular distribution of the 

functional groups along the chain and the degree of crystallinity are 

determining factors.  

     For most of the miscible blends the miscibility is limited to certain 

ranges of composition, temperature and pressure (Utracki, 1989). There 

have been attempts to extend these ranges using different techniques, such 

as using radiation to crosslink one component into another, using 

compatibilizers and/or changing the blend composition 

     The morphology and reactivity of melamine-formaldehyde resin/poly 

(vinyl alcohol) (PVA) were investigated by IR spectrometry and 

transmission electron microscope (Migahed, et al 1994). The results 

indicated that molecular composite structure was formed in this two-

component system. The well-distributed PVA in this system was 

beneficial to the formation of the molecular composite structure. This 

explained the effect of PVA on the mechanical properties and showed that 

the molecular composite structures are favorable for making full use of 

the macromolecular-potentiality. 

     Compatibilization can be defined as modification of blends to produce 

a desirable set of properties. Compatibilization is an effective method to 

improve the compatibility (miscibility) between two immiscible 

polymers, resulting in great improvement in the mechanical properties. 

Many different compatibilization methods for polymer blends have been 

developed, including addition of compatibilizer (Ajji and Jtracki, 1996).   

Compatibilizers are added to the blends to improve their interfacial 

adhesion, especially for the immiscible blends. They are usually in the 

form of block or graft copolymers. The behaviour of small amounts of 

copolymer compatibiliser in an immiscible blend has been described as a 
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classic emulsifying agent similar to the soap molecules at an oil-water 

interface. 

      The   emulsifying   effect  of  compatibilizers   was   investigated   by  

(Noolandi and hong, 1984) for immiscible blends and by (Liebler, 1982) 

for nearly compatible blends. It was found that the reduction of interfacial 

tension of a copolymer in an immiscible blend is the result of the 

surfactant activity of the block copolymer chains. This reduction of 

interfacial tension increased with increasing copolymer concentration and 

molecular weight, causing a decrease in the interaction energy of the 

copolymer at the interface. Moreover, (Paul, et al 1973) showed the 

incorporation of these compatibilizers to improve miscibility and 

mechanical properties of immiscible blends. 

     Nadiarid, et al (2009) developed biodegradable films based on blends 

of Amaranthus cruentus flour and poly (vinyl alcohol). Different PVA 

types were tested. The mechanical properties of the amaranth 

(A.cruentus) flour films were improved by the addition of poly (vinyl 

alcohol) (PVA).For blends made with different grades of poly(vinyl 

alcohol), the fully hydrolyzed PVA (107, 325 and 350) blended films 

were more resistant with respect to tensile strength and puncture than the 

partially hydrolyzed PVA (523 and 540) films. In addition the films made 

with partially hydrolyzed PVA showed greater elongation at break (ELO) 

and puncture deformation (PD). 

     Chandralekha, et al (2008) prepared edible polymer from 

hydroxypropyl methyl cellulose (HPMC)/polyvinyl alcohol (PVA) 

blends. Edible polymer films used for food packing and directly in 

foodstuffs. However they are water soluble in ordinary temperature and 

have good mechanical properties. The miscibility of HPMC/PVA blend in 
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water was studied by viscosity, ultrasonic velocity, density and refractive 

index techniques at 30 and 50
o
C. These values revealed that HPMC/PVA 

blend is miscible when  the  HPMC  content  is  more  than  60%  in  the  

blend  at  30  and  

50
o
C.And also the result revealed that the change in temperature has no 

significant effect on the miscibility of HPMC/PVA polymer blend.  

      Qunyi, et al (2008) prepared films from Pullulan, alginate, and 

carboxymethyl cellulose (CMC). Pullulan films had lower water vapor 

permeability than alginate and CMC films, but dissolved in water quicker 

than alginate and CMC films. By incorporating alginate and CMC into 

pullulan, water barrier and mechanical properties were weakened 

significantly. Blending pullulan with alginate or CMC up to about 17–

33% (w/w total polymer) reduced film solubility time in water. The 

addition of glycerol further reduced tensile strength, increased elongation 

at break, weakened water barrier properties, but enhanced solubility in 

water. FTIR results indicated that blending pullulan with alginate and 

CMC resulted in weaker hydrogen bonds acting on –OH groups 

compared to the pure pullulan. 

     Jayasekara, et al (2004) prepared several blends of polyvinyl alcohol, 

starch and glycerol. The blend containing 20% poly vinyl alcohol has 

been modified by application of chitosan to the surface. The blend, and its 

modified form have been characterized by atomic force microscopy, x-ray 

diffraction, Fourier transform infra-red spectroscopy, contact angle 

measurements, 
13

C-NMR spectroscopy and scanning electron 

microscopy. The blended films were flexible and homogeneous on a 

macroscopic scale but on a microscopic scale there seemed to be small 

patches of individual components. Surface modification altered some of 
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the characteristics of the film. The blends had surface roughness 

intermediate between that of the pure components. The addition of 

chitosan made the film more hydrophobic than the unmodified film but 

slightly  less  than  the  starch  film. There  was  no evidence of  new bond  

formation among the individual components. Solution casting reduced the 

overall crystallinity in the blended films. 

      Elvira, et al
 
(2002) studied the preparation of novel biodegradable 

hydrogels developed by the free radical polymerization of acrylamide and 

acrylic acid, and some formulations with bis-acrylamide, in the presence 

of a corn starch/ethylene-co-vinyl alcohol copolymer blend (SEVA-C). 

The redox system benzoyl peroxide (BPO) and 4-dimethylaminobenzyl 

alcohol (DMOH) initiated the polymerization at room temperature. The 

gels were characterized by 
1
HNMR and FTIR spectroscopies. Swelling 

studies were performed as a function of pH in different buffer solutions to 

determine the water-transport mechanism that govers the swelling 

behaviour. Degradation studies of the hydrogels were performed in 

simulated physiological solutions for time up to 90 days, determining the 

respective weight loss, and analyzing the solution residue by 
1
HNMR. 

The mechanical properties of the gels were characterized by tensile and 

compressive tests, as well as by dynamo-mechanical analysis (DMA). 

Results obtained indicated the following: (a) A range of starch-based 

biodegradable hydrogels has been developed. (b) It was possible to 

produce both thermoplastic and crosslinked hydrogels that can be used in 

biomedical applications. (c) Some systems exhibit the most desirable 

kinetic behaviour to be used as controlled release carriers. (d) The 

hydrogels are also pH sensitive. 
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        Tanaka, et al (2001) prepared a blend of a commercial atactic poly 

(vinyl alcohol) (α-PVA) and k-carrageenan by the casting method from 

aqueous solutions. Blend films were transparent. In the DSC curves of the 

blend films, the endothermic peaks shifted to lower temperature with an 

increase in the content of k-carrageenan. The Young
'
s modulus and the 

strength at break increased with an increase in the content of α-PVA 

     A compatible blend exhibits improvement mechanical properties 

proportional to the ratio of constituents in the blend, whereas 

incompatibility leads to a material with reduced mechanical properties. In 

this regard, (Tang and Huang, 1994) studied the compatibility of poly 

(vinyl alcohol) (PVA)/chitosan blend by DSC, dynamic mechanical and 

stress-strain measurements. The blends showed the glass-transition 

temperature of their individual components and a new relaxation occurred 

in between the two glass transition (Tg) of poly vinyl alcohol and 

chitosan in blends with ≥50 wt %. The Young
'
s modulus and tensile 

strength of the blends increased compared with pure poly vinyl alcohol 

and chitosan, but the elongation at break was decreased. These results 

indicated that there was strong interaction between poly vinyl alcohol and 

chitosan and the polymer blend are partially miscible. 

     Sakellariou and rowe (1994) discussed the compatibility and polymer 

interactions in an aqueous solutions of two polar and H-bonding-group-

containing the polymers poly vinyl alcohol (PVA) and 

hydroxypropylmethyl cellulose (PHPMC). SEM micrographs showed that 

phase separation on mixing was occurred when the PVA content was >8 

volume %. When the PVA content in blend was <5%, PVA/PHPMC 

blends were miscible. 
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      Arvanitoyannis, et al (1999) prepared blends of methyl cellulose and 

soluble starch plasticized with glycerol or sugars by casting, or by 

extrusion and hot pressing. The mechanical, thermal (differential 

scanning calorimetry) gas and water permeation properties of these blends 

were investigated, after their conditioning at various relative humidity. 

The observed Tg depression for these polymer blends was proportional to 

the plasticizer content (water, glycerol and sugars). Although glycerol had 

a greater depressing effect on Tg than sorbitol, the latter had a greater 

impact than glycerol and xylose, as a plasticizer, on the mechanical 

properties (higher percentage elongation) of the soluble starch methyl 

cellulose blends. The tensile strength and flexural modules of these 

blends were shown to decrease drastically with an increase in the total 

plasticizer content. An indirect measurement of glass transitions, 

comparable to the ones determined with DSC, was obtained from the 

Arrhenius-type plots of the gas permeability–temperature relationships.  

      Arvanitoyannis, et al (1998a) studied aqueous blends of sodium 

caseinate and soluble starch, plasticized with polyols, was prepared by 

casting or by extrusion and hot pressing. The mechanical, thermal, gas 

and water permeation properties of these blends were studied after their 

conditioning at various relative humidities. With increasing plasticizer 

(water, polyols) content there was a progressive decrease of Tg of the 

blends. The plasticized blends also showed increased percentage 

elongation, whereas their flexural modulus and tensile strength exhibited 

a substantial drop. The gas permeability-temperature plots revealed 

Arrhenius-type relationships with an inflection in the glass transition 

temperature region. 
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       Arvanitoyannis, et al (1998b) studied two methods, known as the 

low and the high temperature methods, which consist of casting aqueous 

solutions of hydroxylpropyl starch and gelatin at 20 and 60
o
C, 

respectively, were employed for film preparation. The physical (thermal, 

mechanical and gas/water permeation) properties of these composite 

films, plasticized with water or polyols, were studied. An increase in the 

total plasticizer content resulted in a considerable decrease in elasticity 

modulus and tensile strength (up to 60% of the original values when 25% 

plasticizer was added), whereas the percentage elongation increased (up 

to 200% compared to the original values). The low temperature method 

led to the development of higher percentage renaturation (crystallinity) of 

gelatin which resulted in a decrease, by one or two magnitude orders, of 

CO2 and O2 permeability in the hydroxypropyl starch/gelatin blends. An 

increase in the total plasticizer content (water, polyols) of these blends 

was found to be proportional to an increase in their gas permeability.  

     Eleni, et al (1996) studied the thermal, mechanical, water and gas 

permeability properties of blends based on microcrystalline cellulose 

(MCC) or methyl cellulose (MC) and corn starch with or without polyols. 

An increase in water or polyol content showed a considerable increase in 

percentage elongation but also a decrease in the tensile strength of films. 

The presence of high cellulose contents increased the tensile strength and 

decreased the water vapor transmission of films. The development of 

crystallinity with time resulted in a decrease in both gas and water 

permeability. Several semi empirical models for calculation of gas 

permeability and tensile strength and tensile and flexural modulus were 

applied. The obtained values were compared to those experimentally 

determined and with the ones reported in the literature. On several 
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occasions, quite significant discrepancies were found which were 

attributed to differences in molecular weight, percentage crystallinity and 

polymorphism.  

     Simmons and Thomas (1995) studied the structural characteristics of  

biodegradable thermoplastic starch/polyethylene-vinyl alcohol blends. To 

establish a relationship among the blend composition and the resultant 

properties of starch-based thermoplastic, three varieties of corn starch; 

waxy maize and native corn were extrusion-blended with polyethylene-

vinyl alcohol (EVOH) containing 56 mol % VOH. Wide-angle x-ray 

scattering (WAXS), differential scanning calorimetry (DSC), scanning 

electron microscopy (SEM), and transmission electron microscopy 

(TEM) were used to examine the structural characteristics of the blends. 

All starches were destructurized upon compounding and a fine dispersion 

was achieved with EVOH. The native corn and nylon VII blends were 

phase-separated and exhibited some miscibility between the polymer 

components as evident in EVOH melting-point depression, smaller 

domain sizes, lower contrast between phases in TEM and increased 

resistance to moisture and enzyme-etching treatments. Starches 

containing amylose exhibited complexation and crystallinity in the starch 

fraction, although most of the crystallinity in the blends was due to the 

EVOH components. Waxy maize blends were well phase-separated with 

larger domain sizes and underwent phase coarsening as a function of time 

in the melt. When subjecting the blends to capillary flow, orientation of 

both starch-rich and EVOH- rich domains was observed at various 

compositions, with the EVOH component undergoing significantly more 

orientation relative to starch as evident by the presence of EVOH-rich  

fibrils. Finally, EVOH was found to coat the surfaces of filaments 
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produced from the blends even at rather high levels of starch, (70 %), 

which is expected to improve. On the other hand, very few grafts were 

scarcely formed during this period; they formed by a mild reaction, which 

took place immediately after this period. It seems that this behaviour is 

quite different from that observed with the ceric ion initiating system. It 

was presumed that formation of grafts is due to radicals formed by the 

cleavage of the main chain, and that the structure of the copolymer so 

formed is something like a block copolymer. 

     The use of biodegradable polymers for packaging offers an alternative 

and partial solution to the problem of accumulation of solid waste 

composed of synthetic inert polymers (Scott, 1995). A wide range of 

synthetic aliphatic polyesters and naturally occurring products are being 

used as biodegradable polymers for selected applications (Huang, 1990, 

Mayer 1994). The use of starch is increasing in many applications, 

primarily because of the low cost and availability of starch (Swanson, 

1993). Packaging films composed entirely of starch, however, lack the 

strength and rigidity to withstand the stresses to which many packaging 

materials are subjected (Rindlav, 2002 and Walenta, 2001). The logical 

solution is to incorporate starch into a film with a stronger support base. 

Extensive research has been carried out to overcome some of the 

limitations associated with starch based polymer blends (Bastioli, 1998 

and Mano, 2000). Starch blended with the synthetic polymer polyvinyl 

alcohol (PVA) has been studied as a potential biodegradable polymer. 

     Depending on the degree of biodegradability, it seems that PVA might 

provide a stable support medium for starch films. The mechanical 

properties and biodegradability of starch PVA blended films have been 

reported by several researchers [Ishigaki, Chiellini, (1999), Tudorachi 
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and Ikejima, (1999)]. Such blended films have not been rigorously 

studied to determine such features as their chemical heterogeneity or 

surface functionally. In this study, solution casting was used to prepare 

films. The hydrophilic nature of the film surfaces was altered by surface 

modification with the biopolymer chitosan. Chitosan was chosen to 

render the surface more hydrophobic and thus more amenable to 

examination.  

 

1.3.2. Effects of Ionizing radiation on polymer blends 

 

       High energy radiation (gamma or electron beam) is a well-known 

technique for the modification of polymers (Singh, 2001). Irradiation of 

polymer blends has shown that radiation processing has the potential of 

playing a big role commercially, just as it has played in the case of 

individual polymers, e.g., wire and cable insulation. Irradiation of 

polymer blends can be used to crosslink or degrade the desired 

component polymer, or to fixate the blend morphology. Detailed 

information on radiation effects on blends were published (Makhlis, 

1976). 

     Most of the published works on irradiation of polymer blends has 

focused either on the improvement of overall mechanical properties or on 

the reduction of the negative effects of irradiation on the major 

component. For most of the miscible blends, the miscibility is limited to 

certain ranges of composition, temperature, or pressure. There have been 

attempts to extend these ranges using radiation to crosslink one of the two 

polymers under conditions of complete miscibility (Nettles, 1983). In the 

field of immiscible polymer blends, studies have been performed on 
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improving the mechanical properties via overall crosslinking. 

      Jen Ming, et al (2008) reported that semi crystalline poly vinyl 

alcohol was modified by UV radiation with acrylic acid monomer to get 

interpenetrating poly(acrylic acid) modified poly(vinyl alcohol), PVAAA, 

membrane. The stability of various PVAAA membranes in water, 2M 

CH3OH, 2M H2SO4, and 40 wt% KOH aqueous media were evaluated. 

It was found that the stability of PVAAA membrane is stable in 40wt% 

KOH   solution.   The   PVAAA    membranes   were   characterized   by 

differential scanning calorimetry, x-ray diffraction, and 

thermogravimetric analysis. These results show that (1) the crystallinity in 

PVAAA decreased with increasing the content of poly (acrylic acid) in 

the PVAAA membranes. (2) The melting point of the PVAAA membrane 

is reduced with increasing the content of poly (acrylic acid) in the 

membrane. (3) Three stages of thermal degradation were found for pure 

PVA. Compared to pure PVA, the temperature of thermal degradation 

increased for the PVAAA membrane. The various PVAAA membranes 

were immersed in KOH solution to form polymer electrolyte membranes, 

PVAAA-KOH, and their performances for alkaline solid polymer 

electrolyte were conducted. At room temperature, the ionic conductivity 

increased from 0.044 to 0.312 S/cm. The result was due to the formation 

of interpenetrating polymer chain of poly (acrylic acid) in the PVAAA 

membranes and resulting in the increase of charge carriers in the PVA 

polymer matrix. Compared to the data reported for different membranes 

by other studies, our PVAAA membrane are highly ionic conducting 

alkaline solid polymer electrolytes membranes. 

     Min Wang, et al (2007) reported that carboxymethyl cellulose (CMC) 

and poly (N-vinyl pyrrolidone) (PVP) were blended to synthesize 
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hydrogels by 
60

Co γ-ray irradiation. A series of hydrogels were prepared 

with three compositions, i.e. PVP: CMC = 5:5, 6:4 and 7:3. The 

properties of the hydrogels such as gel fraction, gel strength, swelling 

behavior and moisture retention were investigated. Compared with pure 

PVP and CMC hydrogels, PVP/CMC blend hydrogels possessed 

improved gel strength, flexibility and transparency. As the content of PVP 

in PVP/CMC blend hydrogels increased, the gel fraction increased while 

the  swelling  rate decreased. The  hydrogels with optimal properties were  

obtained in a composition of PVP/CMC = 6/4 with sterilization dose (25 

kGy) and further characterized by FT-IR and SEM. Properties concerning 

the application of wound dressing were performed in comparison with a 

commercial hydrogel wound dressing to find a similar moisture retention 

capability and improved swelling rate. The improved properties as well as 

the cheapness of the materials suggest that PVP/CMC blend hydrogel can 

be a good candidate as wound dressing 

     Maolin, et al (2003) prepared transparent sheets from starch based 

plastic by irradiation of compression-molded starch-based mixture in 

physical gel state with electron beam (EB) at room temperature. The 

influence of radiation, plasticizers, water and poly vinyl alcohol (PVA) on 

the properties of the sheets was investigated. After irradiation, the 

ductility and tensile strength of the sheets was improved due to the 

chemical reactions, which was demonstrated by determination of gel 

fraction and DSC profiles, between starch macromolecules under the 

action of ionizing radiation. Glycerol, ethylene glycol (EG) and poly 

ethylene glycol (PEG, 600, 1000) were selected as plasticizer to add into 

starch sheets. The results showed that glycerol was an excellent 

plasticizer of starch so that the ductility of starch sheets was improved 
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obviously (elongation at break increased). The presence of water was 

necessary for the preparation of the sheets in this work. With the 

increasing of the content of starch in starch-based mixture, the tensile 

strength of the sheets  

decreased due to the decrease of the degree of the cross-linking of starch. 

Furthermore, PVA, a biodegradable and flexible-chain polymer, was 

incorporated into starch-based sheets, the properties of the sheets such as 

the flexibility (elongation at break) and wet strength were improved 

obviously. 

      Maolin, et al (2002), prepared a series of excellent polyvinyl alcohol 

(PVA)/starch blend hydrogels by gamma and electron beam radiation at 

room temperature. The influence of dose, the content of starch in blend 

systems on the properties of the prepared hydrogels was investigated. The 

gel strength was improved obviously after adding starch into PVA 

hydrogels, but the swelling properties decreased slightly due to poor 

hydrophilicity of starch. In order to elucidate the effect of starsh 

component on the properties of PVA/starch hydrogels as well as the 

formation mechanism of PVA/starch blend hydrogels under irradiation, 

the two components of starch, amylose and amylopectin, were chosen to 

blend with PVA to prepare the hydrogels, respectively. The results 

indicated that the amylose of starch was a key component that influenced 

the properties of PVA/starch blend hydrogels. The further analyses of 

FTIR, DSC and TGA spectra of the prepared gels after extracting sol 

manifested that there was a grafting reaction between PVA and starch 

molecules besides the crosslinking of PVA molecules under irradiation, 

and the amylose of starch was a key reactive component.  

   But only a few studies on starch/synthesized polymer blend hydrogels 
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have been reported (Hashim, Dahlan, and Noordin, 2000). In this work, 

a series of excellent PVA/starch blend hydrogels were prepared by 

irradiation technique, and the formation mechanism and characteristics of 

the prepared hydrogels were studied in detail. 

      Khazali, et al
 
(2001) studied blends with various formulations of sago 

starch and poly (vinyl alcohol) (PVA), and poly (vinyl pyrrolidone) 

(PVP) polymers. Blends were prepared and subjected to radiation 

modification using electron beam irradiation. They found that blending 

sago with PVA showed a significant increase in gel content value 

indicating greater crosslinking ability especially at higher irradiation dose 

of more than 20 kGy. The sago/PVP blends, however, showed a contrast 

crosslinking properties compared to sago/PVA. The presence of sago 

reduced the crosslinking ability of PVP.  

      Sagar, et al (1996) studied the irradiation-modification of the blends 

of various starches with poly (ethylene-co-vinyl alcohol) (EVOH) using 

an electron beam. The effect of irradiation on neat starches was studied 

using gel permeation chromatography. Changes in the thermal and 

mechanical properties of the blends, as well as in their microstructures, 

were also evaluated. The data obtained was consistent with other reports 

in literature, that starch molecule degrades under the effect of ionizing 

radiation, while the EVOH is relatively unaffected. These substantial 

modifications to the starch molecules manifest themselves in changes in 

the thermal behaviour of the blends. Furthermore, the mechanical 

properties of filaments obtained from molten irradiated pellets were quite 

different from those of control filaments, at least for some starches. 

Micrographic examination of some blends indicated a correspondence 

between a modification in the microstructure of the filaments and a 

http://libproxy.cortland.edu:2074/science?_ob=ArticleURL&_udi=B6TFD-459J44N-2&_user=681912&_coverDate=11%2F15%2F2002&_alid=526998972&_rdoc=48&_fmt=full&_orig=search&_cdi=5224&_sort=d&_docanchor=&view=c&_acct=C000037440&_version=1&_urlVersion=0&_userid=681912&md5=ae8a90a120d859827d21426d2047f5d1#bib4


CHAPTER I           Introduction and Literature Review 

__________________________________________________________  

 

52 

change in their mechanical properties. It seems likely that the enhanced 

mobility of the fragmented starch molecules in the melt is responsible for 

these changes in the microstructure and the mechanical properties of the 

blend. Such an irradiation-based physical modification of starch may be 

of use in tailoring the properties of commercial blends of starches with 

synthetic thermoplastics 

 

1.4. Edible Materials Based on Natural Polymers 

1.4.1. Chemical and Physical Properties 

 

     Although non-edible films have, in principle, better quality properties 

than edible films, the inherent advantages of the edible films are also 

important and are as follows (Guilbert, 1986). 

(1) Lowering the cost and reduction of the environmental pollution; 

(2) Improving the textural properties of foods; 

(3) Possibility of enrobing particular portions or layers of heterogeneous 

foods; 

(4) Preservation of flavour components and shelf life extension. 

      Cellulose, starch and their constituents are the two most important 

raw materials for the preparation of films. Cellulose, the principal 

structural component of plants, is the most abundant source of complex 

carbohydrate in the world (Engelhardt, 1995). 

      Two general mechanisms for the formation of edible materials are 

distinguished (Cuq, et al 1998). Dry process mechanisms such as 

thermoplastic extrusion, are based on the thermoplastic properties of 

polymers when plasticized and heated above their glass transition 

temperature under low water content conditions. Wet process, in contrast, 

http://libproxy.cortland.edu:2074/science?_ob=ArticleURL&_udi=B6T8J-482YVR4-5&_user=681912&_coverDate=08%2F31%2F2003&_alid=526971113&_rdoc=25&_fmt=full&_orig=search&_cdi=5088&_sort=d&_docanchor=&view=c&_acct=C000037440&_version=1&_urlVersion=0&_userid=681912&md5=2fba801278c7650c5a1a5282fb6c95d6#bib7
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is based on a film-forming solution or dispersion where polymers are first 

dispersed or soluble into a liquid phase and then dried. The wet process is 

generally preferred to form edible pre-formed films, or to apply coatings 

in liquid form directly onto food products by dipping, brushing or 

spraying. Design of processing operations requires accurate data on the 

rheological properties of film-forming solutions or dispersion.  

     The presence or absence of defects in thin liquid films after coating  

depends partly on their rheological properties (Kheshgi, 1997). Several 

types of defect are developed on the coating surface during film 

formation. These defects influence the appearance of the coating and form 

centers for deterioration of the coating’s protective properties. The 

coating surface is influenced by the rheology of the material in bulk, by 

the method and mechanics of application, and by changes in properties 

associated with the transition from the liquid to the solid state.  

      Riku, et al (2007), investigated the effects of plasticizer (glycerol, 

xylitol and sorbitol) and relative humidity on physical and mechanical 

properties of potato starch-based edible films. Films were obtained from 

solutions containing gelatinized starch, polyol and water by casting and 

evaporating water at 35°C. Water content of films increased with 

increasing relative humidity and plasticizer content. Water vapor 

permeability of films increased with increasing plasticizer content and 

storage relative humidity. Young’s modulus decreased with increasing 

polyol content with a concurrent increase in elasticity of films. Both 

increased polyol and water content increased elongation at break with a 

decreased tensile strength. Glass transition temperatures decreased as a 

result of plasticization as polyol and/or water content increased. Effects of  

plasticizers on physical and mechanical properties of films were largest 

http://libproxy.cortland.edu:2074/science?_ob=ArticleURL&_udi=B6T8J-482YVR4-5&_user=681912&_coverDate=08%2F31%2F2003&_alid=526971113&_rdoc=25&_fmt=full&_orig=search&_cdi=5088&_sort=d&_docanchor=&view=c&_acct=C000037440&_version=1&_urlVersion=0&_userid=681912&md5=2fba801278c7650c5a1a5282fb6c95d6#bib21
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for glycerol and smallest for sorbitol. High contents of xylitol and sorbitol 

resulted in changes in physical and mechanical properties of films 

probably due to phase separation and crystallization.  

        Vachon, et al (2000) investigated the mechanical properties of cross-

linked edible films based on calcium caseinate and 2 types of whey 

proteins (commercial and isolate). Cross-linking of the proteins was 

carried out using thermal and relative treatments. Size exclusion 

chromatography performed on the cross-linked proteins showed that 

gamma-irradiation increased the molecular weight of calcium caseinate, 

while it changed little for the whey proteins. However, heating of the 

whey protein solution induced cross-linked. Combined thermal and 

radiative treatments were applied to protein formulations with various 

ratios of calcium caseinate and whey proteins. Whey protein isolate could 

replace up to 50% of calcium caseinate without decreasing the puncture 

strength of the films. Films based on commercial whey protein and 

calcium caseinate were weaker than those containing whey protein 

isolate. Electron microscopy showed that the mechanical characteristics 

of these films are closely related to their microstructures.  

     Tudorachi, et al (1999) studied the mechanical properties, thermal 

behaviour and biodegradation of some polymeric materials based on 

polyvinyl alcohol and starch, in the presence of urea (used as a micro-

organism nitrogen source/plasticizer) and glycerin (used as a plasticizer). 

The chemical composition optimization of the analyzed blends was 

carried out using a second order factorial experimental design. The 

progress of biodegradation was evidenced by means of scanning 

electronic microscopy, differential scanning calorimetry and 

thermogravimetric measurements. The evaluation of the weight loss of 
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the samples at the end of the biodegradation process was also carried out. 

The weight loss after 18 days of inoculation with microorganisms is 

between 38 and 73% by weight and is influenced by the composition of 

the blend as well as by the nature of the microorganism used. During 

biodegradation, plasticizers (glycerin and urea) and starch are consumed 

together with some amorphous structures from polyvinyl alcohol. The 

crystalline structures of polyvinyl alcohol which remained after 

biodegradation show high values of enthalpy, and contribute to an 

increase in the apparent thermal stability of the biodegraded samples.  

     Guilbert, et al (1995) reported that edible films or coatings have 

provided an interesting and often essential complementary means for 

controlling the quality and stability of numerous food products. There are 

many potential uses of edible films (e.g. wrapping various products, 

individual protection of dried fruits, meat and fish, control of internal 

moisture transfer in pizzas, pies, etc.) which are based on the films 

properties (e.g. organoleptic, mechanical, gas and solute barrier). 

Polysaccharide (cellulose, starch, dextrin, vegetable and other gums, etc) 

and protein (gelatin, gluten, casein, etc) based films have suitable 

mechanical and organoleptic properties, while wax (bees wax, carnauba 

wax, etc) and lipid or lipid derivative films have enhanced water vapor 

barrier properties. The film-forming technology, solvent characteristics, 

plasticizing agents, temperature effects, solvent evaporation rate, coating 

operation and usage conditions of the film (relative humidity, 

temperature) can also substantially modify the ultimate properties of the 

film. Many proteins and polysaccharides have good film forming 

properties and can be used in the preparation of edible films used for food 

packaging. Edible films can be used to reduce water vapor, oxygen, lipid, 
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and flavor migration between components of multi components food 

products, and between food and the surrounding. Edible films or coating  

have long been used empirically for food protection and shelf-life 

prolongation. 

      Polysaccharides and proteins are well known for being good film 

formers. Although both of them can be reasonably effective as gas 

barriers (O2 and CO2) for coating applications, their water transmission 

rates elevated [Baldwin, et al (1995), Arvanitoyannis, et al (1996), 

Psomiadou, et al (1996)]. Gelatin is considered unique among 

hydrocolloids in forming thermo-reversible gels with a melting point 

close to body temperature [Achet and He, (1995), Johnston, (1990)]. 

Furthermore, gelatin has been used in the pharmaceutical industry as a 

binder for the production of hard capsules (Kellaway et al., 1978).  

     An edible coating or film has been defined as a thin, continuous layer 

of edible material formed, or placed, on or between, foods or food 

components. The aim is to produce natural biopolymer-based coating 

materials with specific properties, which may be eaten together with the 

food. Their function is to provide a barrier to mass transfer (water, gas 

and lipids), to serve as a carrier of food ingredients and additives 

(pigments, flavours and so on), or to provide mechanical protection. The 

characteristics demanded of edible films and coatings depend mainly on 

the adulteration of food product, which may be coated (Debeaufort, et al 

1998).  

        Materials that can be used to make edible films include 

polysaccharides (Nisperos, 1994), and lipids (Hernandez, 1994), or a 

combination of these. Some additives, such as plasticizers and 

emulsifiers, may be used [Debeaufort and Voilley, (1995), Debeaufort 

http://libproxy.cortland.edu:2074/science?_ob=ArticleURL&_udi=B6T8J-482YVR4-5&_user=681912&_coverDate=08%2F31%2F2003&_alid=526971113&_rdoc=25&_fmt=full&_orig=search&_cdi=5088&_sort=d&_docanchor=&view=c&_acct=C000037440&_version=1&_urlVersion=0&_userid=681912&md5=2fba801278c7650c5a1a5282fb6c95d6#bib10
http://libproxy.cortland.edu:2074/science?_ob=ArticleURL&_udi=B6T8J-482YVR4-5&_user=681912&_coverDate=08%2F31%2F2003&_alid=526971113&_rdoc=25&_fmt=full&_orig=search&_cdi=5088&_sort=d&_docanchor=&view=c&_acct=C000037440&_version=1&_urlVersion=0&_userid=681912&md5=2fba801278c7650c5a1a5282fb6c95d6#bib10
http://libproxy.cortland.edu:2074/science?_ob=ArticleURL&_udi=B6T8J-482YVR4-5&_user=681912&_coverDate=08%2F31%2F2003&_alid=526971113&_rdoc=25&_fmt=full&_orig=search&_cdi=5088&_sort=d&_docanchor=&view=c&_acct=C000037440&_version=1&_urlVersion=0&_userid=681912&md5=2fba801278c7650c5a1a5282fb6c95d6#bib25
http://libproxy.cortland.edu:2074/science?_ob=ArticleURL&_udi=B6T8J-482YVR4-5&_user=681912&_coverDate=08%2F31%2F2003&_alid=526971113&_rdoc=25&_fmt=full&_orig=search&_cdi=5088&_sort=d&_docanchor=&view=c&_acct=C000037440&_version=1&_urlVersion=0&_userid=681912&md5=2fba801278c7650c5a1a5282fb6c95d6#bib18
http://libproxy.cortland.edu:2074/science?_ob=ArticleURL&_udi=B6T8J-482YVR4-5&_user=681912&_coverDate=08%2F31%2F2003&_alid=526971113&_rdoc=25&_fmt=full&_orig=search&_cdi=5088&_sort=d&_docanchor=&view=c&_acct=C000037440&_version=1&_urlVersion=0&_userid=681912&md5=2fba801278c7650c5a1a5282fb6c95d6#bib8
http://libproxy.cortland.edu:2074/science?_ob=ArticleURL&_udi=B6T8J-482YVR4-5&_user=681912&_coverDate=08%2F31%2F2003&_alid=526971113&_rdoc=25&_fmt=full&_orig=search&_cdi=5088&_sort=d&_docanchor=&view=c&_acct=C000037440&_version=1&_urlVersion=0&_userid=681912&md5=2fba801278c7650c5a1a5282fb6c95d6#bib9
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and Voilley, (1997)]. The functional properties of edible films are greatly 

influenced by parameters such as formulation, film-forming technology, 

solvent characteristics and additives [Gontard, et al 1992 and Gontard, et 

al 1993)]. 

     There are many polysaccharide sources for edible film production, 

e.g., root and cereal starches, plant cell pectines, alginate and carrageenan  

from seaweed and cellulose (Kester and Fennema, 1986). Proteins, such 

as whey protein (Anker, Stading, and Hermansson, 1999) and wheat 

gluten [Gontard, et al (1992), Gennadios, et al (1993)], are also used to 

prepare edible films. Plasticizers, such as polyols, are added to improve 

handling of film by increasing the distance of macromolecules between 

each others allowing greater molecular mobility  (Gaudin, et al 1999), 

resulting in flexibility of film. Water has significant role in plasticization 

of biomaterials (Roos, 1995). Low molecular weight carbohydrates 

(Roos, 1993), and polyols (Talja and Roos, 2001). Starch granules 

contain macromolecules, amylose and amylopectin, which form solution 

with hot water and gel after cooling (Miles, et al 1985). During gel 

formation amylose and amylopectin form inter- and intramolecular 

physical cross-links to produce a macromolecular network (Miles, et al 

1985), and film after water evaporation. Physical cross-links in 

macromolecular network of starch are formed mainly by microcrystalline 

domains of amylose (Bader and Goritz, 1994). Starch film production 

under elevated temperature and low relative humidity (RH) conditions 

results in low degree of crystallinity of amylose and amylopectin 

[(Rindlav, et al 1997, and Rindlav, et al 1998)]. The degree of 

crystallinity of starch film increases with increasing amylose content of 

starch (Garcia, et al 2000). On the other hand, plasticizer addition 
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decreased crystallinity of corn and amylomaize starch films as compared 

to films without plasticizer (Garcia, et al 2000). Use of edible films as a 

barrier against gases (O2, CO2), water vapor or oil could extend shelf life, 

improve quality and handling properties of food products (Kester and 

Fennema, 1986), and pharmaceutical solids (Krogars, et al 2002). 

Addition of plasticizers, such as polyols, affects film properties such as 

water sorption, water vapour permeability (WVP), mechanical properties 

and glass transition temperature (Tg). Water sorbed in film acts also as a 

plasticizer affecting properties of starch film. Simultaneously as 

plasticizer content of a starch film increases, water content of the film 

decreases at low RH whereas water content of the film increases 

significantly at high RH [Gaudin, et al (1999), and Lourdin et al (1997)]. 

Generally, WVP of plasticized films increases as plasticizer content of the 

film increases (Arvanitoyannis, et al 1996). Mechanical strength of films 

decreases due to plasticizer addition and water sorption resulting in 

decreased Young’s modulus and tensile strength and increased elongation 

[Lourdin, et al (1997), Mathew and Dufresne, (2002)]. Plasticizer 

addition decreases the glass transition temperature of the film due to 

weakened strength of macromolecular interactions [Gaudin, et al (1999) 

and Lourdin, et al (1997)]. Permeability of water vapor and gases 

through a film is greater above its glass transition temperature 

(Arvanitoyannis, et al 1996). 

 

1.4.2. Effect of Microorganisms 

 

     The greatest losses in food are due to microbiological alterations. 

Many chemical and physical processes have been developed to preserve 
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food quality. Among such processes, adequate packaging is a 

fundamental factor in the conservation and marketing phases. Thus, 

packaging plays a prominent role in maintaining food quality 

(Debeaufort, et al 1998). 

     Antimicrobial films and coatings are the concept of active packaging 

and have been developed to reduce, inhibit or delay the growth of 

microorganisms on the surface of foods in contact with the packaged 

product (Appendini and Hotchkiss, 2002). In most fresh or processed 

foods, microbial contamination occurs at a higher intensity on the food 

surface, thus requiring an effective microbial growth control (Padgett, 

Han, and Dawson, 1998). 

     Lian, et al (2003) used Escherichia coli and Staphylococcus aureus to 

study the antimicrobial activity of chitosan of different molecular weight 

(Mw). The effect of the concentration and Mw of chitosan were 

investigated, respectively, and the antimicrobial mechanism was 

discussed. The antimicrobial effect on Staphylococcus aureus was 

strengthened as the Mw increased. In contrast, the effect on Escherichia 

coli was weakened. 

     Antibacterial activities of six chitosan and six chitosan oligomers with 

different molecular weight were examined by (Hong et al 2002), against 

four gram-negative (Escherichia coli, Pseudomonas fluorescens, 

Salmonella typhimurium, and Vibrio parahaemolyticus) and seven gram-

positive bacteria (Listeria monocytogenes, Bacillus megaterium, B. 

cereus, Staphylococcus aureus, Lactobacillus plantarum, L. brevis, and L. 

bulgaricus). Chitosan showed higher antibacterial activities than chitosan 

oligomers and markedly inhibited growth of most bacterial tested 

although inhibitory effects differed with Mw of chitosan and the 
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particular bacterium. Chitosan generally showed stronger bactericidal 

effects with gram-positive bacteria than gram-negative bacteria in the 

presence of 0.1% chitosan. The minimum inhibitory concentration (MIC) 

of chitosan ranged from 0.05% to >0.1% depending on bacteria and Mws 

of chitosan. As a chitosan solvent, 1% acetic acid was effective in 

inhibiting the growth of most of the bacterial tested except for lactic acid 

bacteria that were more effectively suppressed with 1% lactic or formic 

acids. Antibacterial activity of chitosan was inversely affected by pH (pH 

4.5-5.9 range tested) with higher activity at lower pH value.   

     Traditionally, antimicrobial agents are added directly to the foods, but 

their activity may be inhibited by many substances in the food itself, 

diminishing their efficiency. In such cases, the use of antimicrobial films 

or coatings can be more efficient than adding antimicrobial agents 

directly to the food since these may selectively and gradually migrate 

from the package onto the surface of the food (Ouattara, et al 2000). 

Carrot is one of the most popularly consumed vegetables, but marketing 

is limited by its fast deterioration during storage, due to physiological 

changes that reduce its shelf life (Peiyin and Barth, 1998). The product 

loses its firmness and develops odors characteristic of anaerobic 

catabolism, due to the high respiration rate and microbiological 

deterioration (Barry, et al 2000). Minimally processed carrot quickly 

loses their bright orange color during storage, developing a whitish 

appearance or white blush on its surface (Bolin and Huxsoll, 1991), 

thereby reducing consumer's acceptability. Both microbial proliferation 

and white blush on the surface of the product can be controlled by 

application of biopolymer based edible coatings (Cisneros, et al 1997). 
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1.4.3. Antimicrobial Protection of Edible Materials 

 

      Dutta, et al (2009) developed and tested films with antimicrobial 

properties in order to improve food safety and shelf life. Active bio-

molecules such as chitosan and its derivatives have a significant role in 

food application area in view of recent outbreaks of contaminations 

associated with food products as well as growing concerns regarding the 

negative environmental impact of packaging materials currently in use. 

Chitosan has a great potential for a wide range of applications due to its 

bio-degradability, biocompatibility, antimicrobial activity, non-toxicity 

and versatile chemical and physical properties. Thus, chitosan based films 

have proven to be very effective in food preservation. The presence of 

amino group in C2 position of chitosan provides major functionality 

towards biotechnological needs, particularly, in food applications. 

Chitosan based polymeric materials can be formed into fibers, films, gels, 

sponges, beads or even nanoparticles. Chitosan films have shown 

potential to be used as a packaging material for the quality preservation of 

a variety of food. Besides, chitosan has widely been used in anti-

microbial films to provide edible protective coating, in dipping and 

spraying for the food products due to its antimicrobial properties. 

Chitosan has exhibited high antimicrobial activity against a wide variety 

of pathogenic and spoilage microorganisms, including fungi, and gram-

positive and gram-negative bacteria. These works studied various 

preparative methods and antimicrobial activity including the mechanism 

of the antimicrobial action of chitosan based films. The optimization of 

the biocidic properties of these so called bio-composites films and role of 

biocatalysts in improvement of quality and shelf life of foods has been 
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discussed. 

         Durango, et al (2006) developed an edible antimicrobial coating 

based on a starch–chitosan matrix to evaluate its effect on minimally 

processed carrot by means of microbiological analyses. Coatings based on 

4% yam starch (w/w) + 2% glycerol (w/w) and coatings based on 4% 

yam starch (w/w) + 2% glycerol (w/w) + chitosan in 0.5% and 1.5% 

concentrations were prepared. Samples of minimally processed carrot 

slices were immersed into these coatings. All the samples were placed in 

expanded polystyrene trays, wrapped in polyvinylchloride film and stored 

at 10 °C/15 days. During storage, all the samples had counting <100 

CFU/g for Staphylococcus aureus and <3 MPN/g for Escherichia coli. 

Starch + 0.5% chitosan coating controlled the growth of mesophilic 

aerobes, yeasts and molds and psychrotrophs during the first five days of 

storage, ultimately presenting reductions of only 0.64, 0.11 and 0.16 log 

cycles, respectively, compared to the control. Starch + 1.5% chitosan 

coated samples showed reductions in mesophilic aerobes, mold and yeast 

and psychrotrophic counting of 1.34, 2.50 and 1.30 log cycles, 

respectively, compared to the control. The presence of 1.5% chitosan in 

the coatings inhibited the growth of total coliforms and lactic acid 

bacteria throughout the storage period. The use of edible antimicrobial 

yam starch and chitosan coating is a viable alternative for controlling 

microbiological growth in minimally processed carrot. 

      Pranoto, et al (2005) studied the antimicrobial alginate-based edible 

film by incorporation of garlic oil as a natural antibacterial agent. 

Initially, 0.1% v/v garlic oil was taested in vitro experiments against some 

food pathogenic bacteria. The presence of 0.1%v/v garlic oil in the 

nutrient broth decreased viable cell counts for Escherichia coli, 
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salmonella typhimurium, Staphylococcus aureus and Bacillus cereus by 

2.28, 1.24, 4.31 and 5.61 log cycles, respectively after 24 h incubation. 

Meanwhile, an increased cell population occurred on all accompanying 

controls. Antimicrobial alginate films were prepared by incorporating 

garlic oil up to 0.4% v/v. They were characterized by antibacterial 

activity, mechanical and physical properties. The edible film exhibited 

antibacterial activity against Staphylococcus aureus and B. cereus among 

bacteria tested by using agar diffusion assay. Tensile strength and 

elongation at break were significantly changed by incorporation of garlic 

oil at 0.3 % and 0.4 % v/v, respectively. Water vapor permeability 

decreased significantly with 0.4 % v/v garlic oil incorporation, whereas 

total color difference remained same. These results revealed that garlic oil 

has a good potential to be incorporated into alginate to make 

antimicrobial edible film or coating for various food applications. 

     Cagri, et al (2004) reported that increasing consumer demand for 

microbiologically safer foods, greater convenience, smaller packages, and 

longer product shelf life is forcing the industry to develop new food-

processing, cooking, handling, and packaging strategies. Non-fluid ready-

to- eat foods are frequently exposed to post process surface 

contamination, leading to a reduction in shelf life. The food industry has 

at its disposal a wide range of non edible polypropylene-and 

polyethylene- based packaging materials and various biodegradable 

protein- and polysaccharide-based edible films that can potentially serve 

as packaging materials. Research on the use of edible films as packaging 

materials continues because of the potential of these films to enhance 

food quality, food safety, and product shelf life. Beside acting as a barrier 

against mass diffusion (moisture, gases, and volatiles), edible films can 
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serve as carriers for a wide range of food additives, including flavoring 

agents, antioxidants, vitamins, and colorants. When antimicrobial agents 

such as benzoic acid, sorbic acid, propionic acid, lactic acid, nisin, and 

lysozyme have been incorporated into edible films. Such films retarded 

surface growth of bacterial, yeasts, and moulds on a wide range of 

products, including meats and cheeses. Various antimicrobial edible films 

have been developed to minimize growth of spoilage and pathogenic 

microorganisms, including listeria monocytogenes, which may 

contaminate the surface of cooked ready-to-eat foods after processing. 

Here, the various types of protein-based (wheat gluten, collagen, corn 

zein, soy, casein, and whey protein), polysaccharide-based (cellulose, 

chitosan, alginate, starch, pectin, and dextrin), and lipid-based (waxes, 

acylglycerols, and fatty acids) edible films and a wide range of 

antimicrobial agents that have been or could potentially be incorporated 

into such films during manufacture to enhance the safety and shelf life of 

ready-to-eat foods. 

      Rodriguez, et al (2003) studied the antifungal capacity of chitosan 

when the biopolymer is used as an edible film and as a dough ingredient 

in precooked pizza. This action was evaluated against the fungi that 

produce major spoilage in that product. It was observed that the use of 

chitosan in acetic acid as edible coating delayed the growth of alternaria 

sp., pencillium sp., and cladosporiumsp. This behavior was similar 

compared to the action of calcium propionate and potassium sorbate 

preservatives. On the other hand, chitosan showed a little sensibility on 

aspergillus sp. (zygomycetes).  

     Matsuhashi, et al (1997) studied antimicrobial activity of irradiated 

chitosan against Escherichia coli B/r. Irradiation of chitosan at 100 kGy 
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under dry conditions was effective in increasing the activity, and inhibited 

the growth of Escherichia coli completely. The molecular weight of 

chitosan significantly decreased with the increase in irradiation dose, 

whereas the relative surface charge of chitosan was decreased only 3% by 

100 kGy irradiation. Antimicrobial activity assay of chitosan fractionated 

according to molecular weight showed that 1×10
5 

- 3×10
5
 fraction was 

most effective in suppressing the growth of Escherichia coli. This 

fraction comprised only 8% of the 100 kGy irradiated chitosan. On the 

other hand, chitosan whose molecular weight was less than 1×10
5
 had no 

activity. The results show that low dose irradiation, specifically 100 kGy, 

of chitosan gives enough degradation to increase its antimicrobial activity 

as a result of a change in molecular weight. The greatest losses in food are 

due to microbiological alterations. Many chemical and physical processes 

have been developed to preserve food quality. Among such processes, 

adequate packaging is a fundamental factor in the conservation and 

marketing phases. Thus, packaging plays a prominent role in maintaining 

food quality (Debeaufort, et al 1998).  

     Antimicrobial films and coatings have innovated the concept of active 

packaging and have been developed to reduce, inhibit or delay the growth 

of microorganisms on the surface of foods in contact with the packaged 

product (Appendini and Hotchkiss, 2002).  

In most fresh or processed foods, microbial contamination occurs at a 

higher intensity on the food surface, thus requiring an effective microbial 

growth control (Padgett, et al 1998). Edible antimicrobial films and 

coatings have shown to be an efficient alternative in controlling food 

contamination. The growth of both deteriorating and pathogenic 

microorganisms may be prevented by incorporating antimicrobial agents 

http://libproxy.cortland.edu:2074/science?_ob=ArticleURL&_udi=B6T6S-4FHKCWD-2&_user=681912&_coverDate=05%2F31%2F2006&_alid=526971113&_rdoc=11&_fmt=full&_orig=search&_cdi=5038&_sort=d&_docanchor=&view=c&_acct=C000037440&_version=1&_urlVersion=0&_userid=681912&md5=0c68a00f12ffca453032732692b3fd02#bib14
http://libproxy.cortland.edu:2074/science?_ob=ArticleURL&_udi=B6T6S-4FHKCWD-2&_user=681912&_coverDate=05%2F31%2F2006&_alid=526971113&_rdoc=11&_fmt=full&_orig=search&_cdi=5038&_sort=d&_docanchor=&view=c&_acct=C000037440&_version=1&_urlVersion=0&_userid=681912&md5=0c68a00f12ffca453032732692b3fd02#bib2
http://libproxy.cortland.edu:2074/science?_ob=ArticleURL&_udi=B6T6S-4FHKCWD-2&_user=681912&_coverDate=05%2F31%2F2006&_alid=526971113&_rdoc=11&_fmt=full&_orig=search&_cdi=5038&_sort=d&_docanchor=&view=c&_acct=C000037440&_version=1&_urlVersion=0&_userid=681912&md5=0c68a00f12ffca453032732692b3fd02#bib26
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into edible films or coatings (Debeaufort, et al 1998). The antimicrobial 

agents most commonly utilized in edible coatings are: sorbic acid, 

propionic acid, potassium sorbate, benzoic acid, sodium benzoate and 

citric acid (Quintavalla and Vicini 2002). Bacteriocins, such as nisin and 

pediocin (Sebti and Coma 2002), enzymes, such as peroxidase and 

lysozyme (Padgett, et al 1998), and polysaccharides displaying natural 

antimicrobial properties, such as chitosan, (Debeaufort, et al 1998), are 

also being used as antimicrobial agents. Edible films could be used as 

carrier for antimicrobial substances to increase shelf life of food products 

(Ouattara, et al 2000). 

     Chitosan is a polysaccharide obtained by deacetylation chitin, 

originated from crustacean exoskeleton and fungal cell walls. Chitosan 

has widely been used in antimicrobial films and coatings due to its 

property of inhibiting the growth of many pathogenic bacteria and fungi 

(Romanazzi, et al 2002). In some fungi, chitosan can produce alterations 

of membrane functions, by interaction with the strongly electronegative 

microbial surface leading to changes in permeability, metabolic 

disturbances, and eventually death (Fang, et al 1994).  

     According to (Muzzarelli, et al 1990), chitosan antimicrobial activity 

against bacteria, could be due to the polycationic nature of its molecule, 

which allows interaction and formation of polyelectrolyte complexes with 

acid polymers produced at the bacteria cell surface (lipopolysaccharides, 

teichoic and teichuronic acids or capsular polysaccharides). Chitosan 

based films and coatings tested on Listeria monocytogenes were found to 

inhibit the growth of this organism (El Ghaouth, et al 1992), showed that 

coatings based on 1% and 2% chitosan reduced the incidence of tomato 

deterioration, mainly caused by Botrytis cinerea. Studies have shown that 

http://libproxy.cortland.edu:2074/science?_ob=ArticleURL&_udi=B6T6S-4FHKCWD-2&_user=681912&_coverDate=05%2F31%2F2006&_alid=526971113&_rdoc=11&_fmt=full&_orig=search&_cdi=5038&_sort=d&_docanchor=&view=c&_acct=C000037440&_version=1&_urlVersion=0&_userid=681912&md5=0c68a00f12ffca453032732692b3fd02#bib14
http://libproxy.cortland.edu:2074/science?_ob=ArticleURL&_udi=B6T6S-4FHKCWD-2&_user=681912&_coverDate=05%2F31%2F2006&_alid=526971113&_rdoc=11&_fmt=full&_orig=search&_cdi=5038&_sort=d&_docanchor=&view=c&_acct=C000037440&_version=1&_urlVersion=0&_userid=681912&md5=0c68a00f12ffca453032732692b3fd02#bib28
http://libproxy.cortland.edu:2074/science?_ob=ArticleURL&_udi=B6T6S-4FHKCWD-2&_user=681912&_coverDate=05%2F31%2F2006&_alid=526971113&_rdoc=11&_fmt=full&_orig=search&_cdi=5038&_sort=d&_docanchor=&view=c&_acct=C000037440&_version=1&_urlVersion=0&_userid=681912&md5=0c68a00f12ffca453032732692b3fd02#bib31
http://libproxy.cortland.edu:2074/science?_ob=ArticleURL&_udi=B6T6S-4FHKCWD-2&_user=681912&_coverDate=05%2F31%2F2006&_alid=526971113&_rdoc=11&_fmt=full&_orig=search&_cdi=5038&_sort=d&_docanchor=&view=c&_acct=C000037440&_version=1&_urlVersion=0&_userid=681912&md5=0c68a00f12ffca453032732692b3fd02#bib26
http://libproxy.cortland.edu:2074/science?_ob=ArticleURL&_udi=B6T6S-4FHKCWD-2&_user=681912&_coverDate=05%2F31%2F2006&_alid=526971113&_rdoc=11&_fmt=full&_orig=search&_cdi=5038&_sort=d&_docanchor=&view=c&_acct=C000037440&_version=1&_urlVersion=0&_userid=681912&md5=0c68a00f12ffca453032732692b3fd02#bib14
http://libproxy.cortland.edu:2074/science?_ob=ArticleURL&_udi=B6TFD-4KCXJFW-1&_user=681912&_coverDate=02%2F01%2F2007&_alid=525283109&_rdoc=2&_fmt=full&_orig=search&_cdi=5224&_sort=d&_docanchor=&view=c&_acct=C000037440&_version=1&_urlVersion=0&_userid=681912&md5=7cac62d6e30703af3a1501a00d57707b#bib28
http://libproxy.cortland.edu:2074/science?_ob=ArticleURL&_udi=B6T6S-4FHKCWD-2&_user=681912&_coverDate=05%2F31%2F2006&_alid=526971113&_rdoc=11&_fmt=full&_orig=search&_cdi=5038&_sort=d&_docanchor=&view=c&_acct=C000037440&_version=1&_urlVersion=0&_userid=681912&md5=0c68a00f12ffca453032732692b3fd02#bib29
http://libproxy.cortland.edu:2074/science?_ob=ArticleURL&_udi=B6T6S-4FHKCWD-2&_user=681912&_coverDate=05%2F31%2F2006&_alid=526971113&_rdoc=11&_fmt=full&_orig=search&_cdi=5038&_sort=d&_docanchor=&view=c&_acct=C000037440&_version=1&_urlVersion=0&_userid=681912&md5=0c68a00f12ffca453032732692b3fd02#bib16
http://libproxy.cortland.edu:2074/science?_ob=ArticleURL&_udi=B6T6S-4FHKCWD-2&_user=681912&_coverDate=05%2F31%2F2006&_alid=526971113&_rdoc=11&_fmt=full&_orig=search&_cdi=5038&_sort=d&_docanchor=&view=c&_acct=C000037440&_version=1&_urlVersion=0&_userid=681912&md5=0c68a00f12ffca453032732692b3fd02#bib24
http://libproxy.cortland.edu:2074/science?_ob=ArticleURL&_udi=B6T6S-4FHKCWD-2&_user=681912&_coverDate=05%2F31%2F2006&_alid=526971113&_rdoc=11&_fmt=full&_orig=search&_cdi=5038&_sort=d&_docanchor=&view=c&_acct=C000037440&_version=1&_urlVersion=0&_userid=681912&md5=0c68a00f12ffca453032732692b3fd02#bib15
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chitosan based coatings have the potential to increase the shelf life of 

fresh fruits and vegetables, inhibiting the growth of microorganisms, 

reduced ethylene production, increased internal carbonic gas and 

decreased oxygen levels (Lazaridou and Biliaderis, 2002).  

      Among the polysaccharides used in the production of edible 

packaging, starch is the natural biopolymer most commonly used. Starch 

can be an interesting alternative for edible films and coatings because this 

polymer is cheap, abundant, biodegradable, edible and easy to use (Mali, 

et al 2002). Studies carried out by (Lawton, 1996), showed that starch 

based films and coatings exhibit different properties, attributed to the 

amylose content in the starch. Yam (Dioscorea sp) could be a good source  

of starch for the production of edible films and coatings, since its starch 

contains about 30% of amylose, and amylose is responsible for the film 

forming capacity of starches (Mali, et al 2002).  

 

1.4.4. Applications of Edible Materials 

 

      Adriano, et al (2009) reported that carrot sticks were increased in 

demand as ready-to-eat products, with a major quality problem in the 

development of white discoloration. Modified atmosphere packaging 

(MAP) and edible coating have been proposed as postharvest treatments 

to maintain quality and prolong shelf-life. The combined application of an 

edible coating containing 5mL L
-1

 of chitosan under two different MAP 

conditions (10 kPaO2 +10k PaCO2 in Pack A and 2 kPaO2 + 15–25 kPa 

CO2 in Pack B) over 12 d at 4
o
C was studied. Respiration rate, microbial 

and sensory qualities as well as the contents of vitamin C, carotenoids and  

phenolics of coated and uncoated carrot sticks were evaluated. The use of 

http://libproxy.cortland.edu:2074/science?_ob=ArticleURL&_udi=B6T6S-4FHKCWD-2&_user=681912&_coverDate=05%2F31%2F2006&_alid=526971113&_rdoc=11&_fmt=full&_orig=search&_cdi=5038&_sort=d&_docanchor=&view=c&_acct=C000037440&_version=1&_urlVersion=0&_userid=681912&md5=0c68a00f12ffca453032732692b3fd02#bib20
http://libproxy.cortland.edu:2074/science?_ob=ArticleURL&_udi=B6T6S-4FHKCWD-2&_user=681912&_coverDate=05%2F31%2F2006&_alid=526971113&_rdoc=11&_fmt=full&_orig=search&_cdi=5038&_sort=d&_docanchor=&view=c&_acct=C000037440&_version=1&_urlVersion=0&_userid=681912&md5=0c68a00f12ffca453032732692b3fd02#bib21
http://libproxy.cortland.edu:2074/science?_ob=ArticleURL&_udi=B6T6S-4FHKCWD-2&_user=681912&_coverDate=05%2F31%2F2006&_alid=526971113&_rdoc=11&_fmt=full&_orig=search&_cdi=5038&_sort=d&_docanchor=&view=c&_acct=C000037440&_version=1&_urlVersion=0&_userid=681912&md5=0c68a00f12ffca453032732692b3fd02#bib21
http://libproxy.cortland.edu:2074/science?_ob=ArticleURL&_udi=B6T6S-4FHKCWD-2&_user=681912&_coverDate=05%2F31%2F2006&_alid=526971113&_rdoc=11&_fmt=full&_orig=search&_cdi=5038&_sort=d&_docanchor=&view=c&_acct=C000037440&_version=1&_urlVersion=0&_userid=681912&md5=0c68a00f12ffca453032732692b3fd02#bib19
http://libproxy.cortland.edu:2074/science?_ob=ArticleURL&_udi=B6T6S-4FHKCWD-2&_user=681912&_coverDate=05%2F31%2F2006&_alid=526971113&_rdoc=11&_fmt=full&_orig=search&_cdi=5038&_sort=d&_docanchor=&view=c&_acct=C000037440&_version=1&_urlVersion=0&_userid=681912&md5=0c68a00f12ffca453032732692b3fd02#bib21


CHAPTER I           Introduction and Literature Review 

__________________________________________________________  

 

68 

the edible coating containing chitosan preserved the overall visual quality 

and reduced surface whiteness during storage. Microbial populations were 

very low and not influenced by coating or MAP. Edible coating increased 

respiration rates of carrot sticks, although this was only noticeable in the 

package with the less permeable film (Pack B). Vitamin C and 

carotenoids decreased during storage particularly in coated carrot sticks. 

In contrast, the content of total phenolics markedly increased in coated 

carrot sticks stored under moderate O2 and CO2 levels, while it was 

controlled under low O2 and high CO2 levels. The combined application 

of edible coating containing chitosan and moderate O2 and CO2 levels 

maintained quality and enhanced phenolic content in carrot sticks. There 

has been a growing interest in recent times to develop materials with film 

forming capacity and having antimicrobial properties which help improve 

food safety and shelf life. Antimicrobial packaging is one of the most 

promising active packaging systems that have been found highly effective 

in killing or inhibiting spoilage and pathogenic microorganisms that 

contaminate foods Salleh, et al (2007). In this context chitosan films have 

shown great promise for their application in food preservation. It is well-

known that microbial alternations are responsible for the enormous losses 

in food and hence, over the years, various chemical and physical 

processes have been developed to extend shelf-life of foods. Among such 

processes adequate packaging of food products is a fundamental factor in 

their conservation and marketing phases. Thus, packaging was a suitable 

method for food quality preservation. The antimicrobial packaging have 

been used to control microbial growth in a food ingredient using 

packaging materials and edible films and coatings that contain 

antimicrobial agents and sometime by using techniques that modify the 
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atmosphere within the package. Because of the increase in consumer 

demand for minimally processed, preservative-free products, the 

preservative agents must be applied to packaging in such a way that only 

low levels of preservatives come into contact with the food. A greater 

emphasis on safety features associated with the addition of antimicrobial 

agents is gaining ground as one of the emerging areas for development in  

packaging technology and it has likely to play a major role in the next 

generation of ‘active’ packaging systems (Brody, 2001). Active 

packaging is the packaging system possessing attributes beyond basic 

barrier properties that are achieved by adding active ingredients in the 

packaging system and /or using functionally active polymers. When the 

packaging system acquires antimicrobial activity, the packaging system 

(or material) limits or prevents microbial growth by extending the lag 

period and reducing the growth rate or decreases live counts of 

microorganisms (Han, 2000). The primary goals of a conventional 

packaging system such as safety assurance, quality maintenance, and 

shelf-life extension, exactly take a reversed order for an antimicrobial 

packaging system. Food security has always been a big issue worldwide 

and antimicrobial packaging could play a major role in food security 

assurance. Currently, food application of an antimicrobial packaging 

system is limited due to the availability of suitable antimicrobials, new 

polymer materials, regulatory concerns, and appropriate testing methods 

(Jin and Zhang, 2008). 

     Chapman, et al (2004) used edible films and coating in the food 

industry (in meat, poultry, fish, cereals, nuts, bakery products, fruits, 

vegetables and confectionery) providing an understanding of their main 

function in various applications. The review started with a general 
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introduction to edible films and coatings which were mainly made from 

polysaccharides, lipids and proteins. The functions of edible films and 

coatings were discussed; these include acting as a moisture barrier, fat 

barrier, oxygen barrier, adhesive, flavor or aroma barrier, protective 

coating and carrier of antioxidants or antimicrobials. 

     Gennadios, et al (2004) presented an overview of protein- based films 

and coatings. The materials (e.g. corn zein, wheat gluten, soya protein 

isolate, cottonseed flour, whey protein concentrate/isolate, casein, egg 

albumen, collagen/gelatin, fish myofibrillar protein, plasticizers) and 

methods (skimming, solvent casting, extrusion, thermal compaction) used 

in protein film formation; functional properties of protein film (tensile 

strength, elongation at break, water vapor permeability, O2 and CO2 

permeability, aroma and oil barrier properties); treatments used for 

modifying the functional properties of protein films and coatings (heat 

curing, enzymatic treatments, irradiation, composite films, chemical 

treatments); and commercial applications of proteins films and coatings 

were discussed. 

      Mehyar, et al (2004) measured the tensile properties, water vapor 

permeability, oxygen permeability at different relative humidifies (RH), 

and water solubility of edible films made of high-amylose rice starch 

(RS) or pea starch (PS) and compared with the most commonly used 

edible films. Photomicrography of starch films shows amylopectin-rich 

gels and amylase-rich granules. The addition of glycerol into starch films 

made amylose-rich granules swollen and continuously dispersed between 

amylopectin-rich gels. Tensile strength of RS and PS films decreased 

when RH increased from 51% to 90%, whereas elongation-at-break (E) of  

both films increased when RH increased. Water vapor permeability of 
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both films were similar, resulting in 130 to 150g mm/m2/d/kPa. Oxygen 

permeability of RS and PS were very low (<0.5 cm
3
 micro m/m

2
 /d/kPa) 

below 40% RH, and 1.2 to 1.4 at 45% RH. Water solubility of PS film 

was 32.0%, which is lower than that of RS film (44.4). Overall high-

amylose rice and pea starch films possess an excellent oxygen barrier 

property with extremely high stretch ability. 

     Xiao, et al (2004) studied the impact of modified atmosphere 

packaging (MAP) with low oxygen and high carbon dioxide in 

combination with ozone and an edible film coating on the preservation of 

straw berry was studied. A combination of 2.5% O2 with 15% CO2 was 

the optimum gas composition for strawberry MAP, which prolonged the 

shelf-life of strawberry-compared to storage in the open air 

      Tang, et al (2003) studied the forming property of edible lac film, 

which was made from lac and starch in soda solution. The film obtained 

with different proportions of Chinese lac had little effect on fold 

resistance, solvent swell, water vapor permeability, tensile strength, and 

elongation. An increase in lac dosage decreased solvent swell and water 

vapor permeability, while tensile strength increased. An increase in 

glycerin dosage decreased solvent swell and tensile strength, while 

elongation increased. The dosage of epoxy chloropropane contributed to 

the properties of the film. The edible film obtained by drying at 65 
o
C had 

the best properties compared with the films that did not contain lac. 

Mango fruits treated with the film had low browning rate and controlled 

respiration. During storage, the ascorbic acid content, total acid and water 

content of the coated mango were higher than the control. 

      Pagella, et al (2002) reported that market globalization and increasing 

use of minimally processed foods require increased product shelf-life, 
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environmental care constraint induce to search for natural materials to be 

used in effective packaging systems. Both these issues can be addressed 

by using edible coatings based on naturally occurring polymers. The 

characteristics of basic materials need to be modified in formulated 

coatings to obtain satisfactory results. As edible coating must act as a 

barrier, the correct measurement of transport properties is extremely 

important in product development and in assessing effectiveness. 

Different starch samples were tested to obtain edible films or coatings. 

After optimizing concentration, composition dispersion and gelatinization 

time and temperature, a high amylose starch was selected for preparation 

of the films. Films obtained by casting were characterized for water and 

oxygen permeability.  

     Lenart, et al (2001) studied the coating technology applied to plant 

materials prior to osmotic dehydration and convective drying. Coatings 

created with solutions of starch products and pectin were examined. It 

was shown that coating of foods to be dehydrated influences mass 

transfer in a  

plant tissue during osmotic pre-treatment as well as during convective 

drying. Each coating should be individually examined. The properties of 

coatings depend on their composition and the method used for the 

fabrication of a coating. Coating of foods with an artificial barrier on the 

surface may efficiently hinder the penetration of solute inside the food, 

not affecting much the rate of water removal. The coated plant materials 

had a greater water loss/solids gain ratio then the uncoated ones. Osmotic 

dehydration seems to be one of possible pre-treatment methods before 

drying. The conditions of convective drying are changed upon osmotic 

dehydration of plant materials. It was shown that changes in drying rate 
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depend on the kind of coating substance. Bigger differences were 

observed at higher water content and these differences narrowed as water 

content in dried material decreased. The positive effect of coatings on the 

physical properties of dried fruits was found. 

     Hurtado, et al (2001) developed edible coatings to reduce moisture 

transfer, oxidation or respiration in foods. It was important to have 

technical information about edible coatings, including barrier and 

mechanical properties, with the purpose of having an adequate application 

for each food. Edible films made out of potato starch were used to coat 

walnuts to improve their storage characteristics. It was found that some of 

the formulations proposed, mainly those with high starch content, should 

be seriously considered to extend the shelf life of walnuts 

     Baez, et al (1998), investigated mango fruits which coated with 

various fatty acid solutions then stored under marketing conditions (20 

o
C). The solutions were: 2% fatty acids +1% carbohydrates; 1% fatty 

acids + 0.5% carbohydrates; 1.5% fatty acids+1%carbohydrates; and 2% 

fatty acids +1% carbohydrates+0.1%calcium caseinate. Untreated fruits 

reached their climacteric peak during the first 5 days, while treated fruits 

reached their climacteric later. No differences in weight loss, pulp color 

development, total soluble solids accumulation and acidity loss were 

found. However, firmness loss after 15 days was less in treated fruits and 

their appearance was better. Fruits coated in 2 % fatty acids+1% 

carbohydrates+0.1% calcium caseinate retained a fresh appearance for the 

longest time 

      Debeaufort, et al (1998) reported that edible coatings; requirements 

for the use of edible packagings; functionality and composition of edible 

films and coatings; film manufacturing processes; evaluation of edible 
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packaging performances; applications of edible packaging to poultry, 

meat, fish, seafood, fruit, nuts, grains, vegetables, confectioneries, and 

elaborated and heterogeneous foods, and non-coating applications; and 

the future of bio packaging were reviewed. 
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CHAPTER II 

Materials, Methods and Measurements 

 

2.1. Materials 

    Poly (vinyl alcohol) (PVA) was a laboratory-grade chemical and 

purchased from Backer Chemical Co., USA. It was in the form of 

powder, fully hydrolyzed and has an average molecular weight of 

125,000 g/mol.  

    Maize Starch was supplied by the Egyptian Company for Starch and 

Glucose, Cairo, Egypt.  

    Chitosan was purchased from Aldrich Company, Germany. It was in 

the form of powder and has a low molecular weight.  

    Carboxymethyl cellulose (CMC) was a laboratory-grade chemical 

and purchased from El Gomhoria Company, Cairo, Egypt.  

2.2. Solvents and Chemical Reagents 

   Distilled water was used as a solvent of PVA and CMC, while chitosan 

disolved in acetic acid solution. Glycerol a laboratory-grade chemical 

used as a plasticizer, and was supplied by El-Gomhoria Company, Cairo, 

Egypt. 

 

2.3. Technical Procedures 

2.3.1 Preparation of Plasticized Starch (PLST) Blends with Poly 

(vinyl alcohol) (PVA)   

 

 The required amounts of starch were added to 100 ml of distilled 

water at room temperature with stirring. When the mixture was 
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completely suspended the temperature was slowly raised to 90 C with 

continuous stirring and glycerol was then added to the solution. The 

stirring was continued for 3 h to reach complete gelatinization of starch. 

During stirring, the required amount of PVA dissolved in hot water was 

added to the gelatinized starch. After raising the temperature to 95 C, the 

mixture was removed and the foam was skimmed off and the solution was 

poured on hydrophobic polystyrene petri dishes and dried for 48 h at 37 

C to form the desired films. Complete drying was avoided as some 

moisture is required for films to remain flexible and not to crack. The 

films were finally removed from the trays and placed in sealed containers 

at 4 C to avoid moisture exchange. 

 

2.3.2. Preparation of Plasticized Starch (PLST)/Carboxymethyl  

cellulose (CMC) Blends 

 

    The blend of starch/carboxymethyl cellulose (PLST/CMC) was 

prepared at different ratios. The same procedure for the preparation of 

PLST/PVA blends was followed. During stirring the required amount of 

CMC dissolved in water was added to the gelatinized starch. After raising 

the temperature to 95 C, the mixture was removed, the foam was 

skimmed off and the solution was poured on leveled hydrophobic 

polystyrene petri dishes and dried for 48 h at 37 C to form the desired 

films. Complete drying was avoided as some moisture is required for 

films to remain flexible and not to crack. The films were finally removed 
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from the trays and placed in sealed containers at 4C to avoid moisture 

exchange. 

 

2.3.3. Preparation of films from starch with polymer and chitosan 

blends  

 

    The blend of starch/carboxymethyl cellulose (PLST/CMC) was 

prepared at various compositions. The calculated amounts of starch added 

to 100 ml distilled water at room temperature with stirring. When 

completely suspended the temperature of the mixture was slowly raised to 

90 C maintaining the stirring but avoiding frothing. Glycerol was then 

added to the solution. The temperature and stirring maintained for 3 h to 

completely gelatinize the starch. The volume was maintained by adding 

water. During stirring the required amount of polymer dissolved in water 

was added to the gelatinized starch. After that Chitosan solution was 

prepared by dissolving chitosan in aqueous solution of acetic acid then 

added to the solution of starch with the polymer. After raising the 

temperature to 95C, the mixture was removed from the water bath, the 

foam was skimmed off and the solution was poured into leveled 

hydrophobic polystyrene petri dishes. Air bubbles were removed by 

flaming and each solution was dried for 48 h at 37C to form the desired 

films. Complete drying was avoided as some moisture is required for 

films to remain flexible and not to crack. The films were finally removed 

(by peeling) from the trays and placed in sealed containers at 4C to avoid 

moisture exchange. 
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2.3.4. Gamma Irradiation 

 

    Irradiation to the required doses was carried out in the cobalt-60 

gamma cell, (made in Russia) at a dose rate of 4.8 kGyh
-1

 in air. This 

source was installed at the National Center for Radiation Research and 

Technology (NCRRT).  

 

2.4. Measurements and Analysis 

2.4.1. Gel Fraction 

 

     The gel content in the dried samples was estimated by measuring its 

insoluble part in dried sample after immersion in deionized water for 48 h 

at room temperature. The gel fraction was calculated as follows 

Gel (%) = [Wd/Wi] × 100 

Where Wi is the initial weight of dried sample after irradiation and Wd is 

the weight of the dried insoluble part of sample after extraction with 

water. 

 

2.4.2. Swelling Properties 

 

    The samples were immersed in deionized water for 24 h at room 

temperature and the samples were quickly dried with filter paper and 

weighted. The swelling was calculated as follow. 

Swelling (%) = [(Ws-Wi ) / Wi] × 100 

Ws  is the weight of the sample in the swollen state 

Wi  is the initial weight of the dried sample   
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2.4.3. Thermogravimetric analysis (TGA) 

 

    The TGA studies were carried out using a Shimadzu-30 (TGA-30) at a 

heating rate of 10
o
C/min., over nitrogen atmosphere from room 

temperature up to 500
o
C. The obtained primary TGA thermograms were 

used to determine the different kinetic parameters such as activation 

energy and the order of thermal decomposition reaction. 

 

2.4.4. Mechanical Properties 

 

    An Instron universal tester (Model 1191) was used throughout this 

work utilizing a cross-head speed of 10 mm/min. The polymer blends 

films were cut in the shape of dumbbell and tested for tensile strength and 

elongation at break at room temperature according to ASTM D 638 

specifications. The sample initial working length was 20 mm, while the 

width was 4 mm.  

 

2.4.5. Structure Morphology (SEM) 

 

    The scanning electron microscope (SEM) was employed to examine 

the structure morphology of plasticized starch and its polymer blends with 

PVA and CMC before and after they had been exposed to gamma 

irradiation. The SEM micrographs were taken with the JEOL-JSM 5400 

(Japan). The blend samples were kept in liquid nitrogen for enough time 

prior to fracture. 
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2.4.6. Differential Scanning Calorimetry (DSC) 

 

    DSC measurements were performed using a DSC-50 Calorimeter 

(Shimadzu, Japan) in sealed pans.  A heating rate of 10
o
C/mni was 

utilized and the scans were carried out under a flowing nitrogen gas at a 

rate of 20 ml/min  

 

2.4.7. Microbial Resistance 

 

     Antibacterial activity of the starch/chitosan blend films against 

Escherichia coli was evaluated by comparing zones area. In order to 

eliminate the influence of acids on antimicrobial activity of 

starch/chitosan blend films, the acetic acid remaining in the composite 

films was neutralized by aqueous solution of Na2CO3 (0.2 mol l
-1

 ) 

followed by distilled water. Films were placed on petri dishes containing 

medium and Escherichia coli culture and then incubated at 37
o
C for18 h.  

All of the operations were done in aseptic technique.   

 

Microorganism  

 

     Pathogenic strain of Escherichia coli was previously isolated from 

clinical samples. 
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Antimicrobial assay 

 

     Escherichia coli were grown for three hours at 37 
o
C in nutrient broth. 

(Nutrient broth) was composed of 1gm lab lemco, 2 gm yeast extract, and 

5gm peptone and 5gm sodium chloride per liter. Two milliliter of the 

culture was smeared on the Petri dishes containing nutrient agar. 

(Nutrient agar) was the same component of nutrient broth plus 20gm agar 

per liter. Polymeric discs (0.6cm) previously prepared at aseptic condition 

and the surface sterilized by gamma irradiation (5 kGy) was placed on the 

Petri-dishes. Plates were incubated for 18 hours at 37 
o
C. The clear zone 

around the disc is an indication to the positive result of antimicrobial 

activity of the tested polymer.  

  

2.4.8. Application of Edible Materials 

 

     During the stirring of the solutions of PLST/PVA, the required amount 

of dissolved chitosan (CSN) is added. The blend solutions were 

previously irradiated with gamma irradiation to a dose of 10 kGy. The 

PLST/PVA/CSN solutions were applied to the mango fruit (carefully 

washed and dried) by surface coating in such a way that the surfaces are 

completely covered by the solutions. The coated samples with blend 

solutions were compared with the uncoated samples. All the mango 

samples were stored at room temperature for 17 days.
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CHAPTER III 

 

3.1. Characterization of Gamma Irradiated 

Plasticized Starch / Poly (vinyl alcohol) (PLST/ PVA) 

Blends and Their Application as Protected Edible 

Materials 

 

     Development of environmental friendly materials is a continuing 

area of challenge for food packaging and coating technology. The 

excellent chemical resistance, optical and physical properties of PVA 

polymer enables a broad industrial uses. PVA is often modified by 

combination with other polymers or fillers to enhance its performance 

and barrier properties (Rindlav, et al 2002). Packaging films 

composed entirely of starch, however, lack the strength and rigidity to 

withstand the stresses to which many packaging materials are 

subjected (Bergo, et al 2007). Starch is one of the most abundant and 

cheap polysaccharides. Usually starch includes about 30% amylase 

and 70% amylopectin. Chemically modified starches with improved 

properties are becoming more and more important in industry 

application not only because they are low in cost, but mainly because 

the polysaccharide portion of the product is biodegradable [Athawale 

and Lele, (1998), Kiatkamjornwong, et al (2000)]. Blending of 

different polymers like starch and PVA can alter the mechanical 

properties of the material and thus improve the polymer structure at 

both the molecular and the morphological levels [Yoon, et al (2007), 

Xiao and Yang, (2006), Senna, et al (2007), Siddaramaiah, et al 

(1999)]. Blends of Sago starch, poly(vinyl alcohol) (PVA) and 

http://libproxy.cortland.edu:2074/science?_ob=ArticleURL&_udi=B6TFD-459J44N-2&_user=681912&_coverDate=11%2F15%2F2002&_alid=526998972&_rdoc=48&_fmt=full&_orig=search&_cdi=5224&_sort=d&_docanchor=&view=c&_acct=C000037440&_version=1&_urlVersion=0&_userid=681912&md5=ae8a90a120d859827d21426d2047f5d1#bib1
http://libproxy.cortland.edu:2074/science?_ob=ArticleURL&_udi=B6TFD-459J44N-2&_user=681912&_coverDate=11%2F15%2F2002&_alid=526998972&_rdoc=48&_fmt=full&_orig=search&_cdi=5224&_sort=d&_docanchor=&view=c&_acct=C000037440&_version=1&_urlVersion=0&_userid=681912&md5=ae8a90a120d859827d21426d2047f5d1#bib7
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poly(vinyl pyrrolidone) (PVP) polymers were studied (Khazali, et al 

2001). They found that blending of Sago starch with PVA showed a 

significant increase in gel content especially at higher irradiation 

doses of more than 20 kGy. On the contrary, Sago/PVP blends 

showed crosslinking properties lower than Sago/PVA. High-energy 

irradiation is a well-known technique for the modification of polymers 

[Senna, et al (2008), Singh, (2001), Dole, (1972, 1973)]. Irradiation 

of polymer blends can be used to crosslink or degrade the desired 

component polymer, or to fixate the blend morphology. This study 

aims to investigate the effect of gamma irradiation on the structure–

property behavior of polymer blends based on various ratios of 

plasticized starch and poly (vinyl alcohol), and use these blends in 

film industry as an edible coating material for food preservation.  

    In this part, blends based on plasticized starch (PLST) as major 

constituents and poly (vinyl alcohol) (PVA) were prepared by solution 

casting in the form of thin films and then exposed to different doses of 

gamma radiation. The effect of gamma irradiation on the gel fraction, 

swelling behaviour, thermal, mechanical and structure morphology 

properties was investigated. As an application in the field of the 

prolongation of food preservation lifetime, Mango fruit was protected 

with surface coating with solutions of the gamma irradiated 

PLST/PVA blends in the presence of chitosan, as an antimicrobial 

material. Gamma irradiation improved all the physical properties of 

the blends as shown from the following results, which provides 

suitable materials based on natural/synthetic polymer blends for food 

preservation withstanding the temperature and stresses. 
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3.1.1. Effect of Irradiation Dose on Gel Fraction of PLST/PVA  

          Blends   

    The gel formation of PVA in solution by gamma radiation is well 

known, as the mechanism of crosslinking of polymers in solution by 

ionizing radiation was studied by (Chapiro, 1958), (Saito, 1958) and 

others [Saito, (1958), Nikitina, (1963), Katsuura, (1960)].  The 

mechanism of crosslinking of PVA in aqueous solution by gamma 

radiation can be briefly outlined as follows:  

(1) The polymer PVA and the solvent HOH absorb the gamma 

radiation and go to the transient activated states PVAH* and HOH*, 

which dissociate causing the formation of the radicals PVA
●
, HO

● 
and 

H
●
.  

(2) The transfer of radical from water to polymer increases the 

concentration of PVA radicals and increases the rate of crosslinking 

and gelation:  PVAH + (H
● 

or HO
●
)  PVA

●
 HOH and PVA

●
 H-H  

(3) Two polymer radicals PVA
●
 with m and n repeat units combine to 

form a crosslinked point:  

PVA
●

m + PVA
●
 n  PVAm-PVAn       

    Figure 1 shows the effect of irradiation dose on the gel fraction of 

PLST/PVA blends of different compositions. It can be seen that the 

gel fraction of PLST/PVA blends increases greatly by increasing the 

ratio of PVA to reach the maximum amount of ~ 100% by using 25% 

of PVA. This can be explained on the basis of the crosslinking of 

PVA. The decrease of the gel fraction of PLST/PVA blends observed 

by increasing the ratio of PLST is due to the relatively lower 

sensitivity of PLST towards gamma irradiation compared to PVA 
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polymer. It can be seen also that, at any blend composition, the gel 

fraction increases with increasing irradiation dose.  
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         Figure 1: Effect of irradiation dose on the gel fraction of                                                                  

                          PLST / PVA blends of different compositions 

 

 

 



RESULTS AND DISCUSSION               CHAPTER III-Part 1 

________________________________________________________ 

 

86 

3.1.2. Swelling Properties of PLST/PVA Blends 

  

     Figure 2 shows the swelling kinetics in water at 25 
o
C for 

PLST/PVA blends of different compositions exposed to various doses 

of gamma irradiation. It can be seen that the degree of swelling for all 

the blends increases progressively with increasing the ratio of PVA in 

the blends. Also, the degree of swelling was found to decrease with 

increasing the irradiation dose.  This is due to the higher hydrophilic 

character of PVA than PLST. The decrease in the degree of swelling 

by increasing irradiation dose can be explained on the basis of the 

crosslinking of PVA. The crosslinking of PVA results in closing the 

voids and spaces between the molecules and thus preventing water to 

penetrate.  
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 Figure 2:   Swelling   behavior   in   water   at  room   temperature              

                   of PLST/PVA blends of different compositions exposed 

                   to various doses of gamma radiation 
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3.1.3. Thermogravimetric Analysis (TGA) 

 

       The thermal stability of any polymeric material is largely 

determined by the strength of the covalent bonds between the atoms 

forming the polymer molecules. The dissociation energy for the 

different covalent bonds C-H, C-C, C-O, O-H and C=C was reported 

to be 414, 347, 351, 464 and 611 kJ/mol, respectively (Whittin, 1981). 

On the basis of these values, the average complete dissociation energy 

of PVA and starch is calculated to be 419 and 385.9 kJ/mol, Thus it 

may be concluded that PVA possesses higher thermal stability than 

starch and that the blends of PLST with any ratio of PVA will 

eventually results in blends with higher thermal stability than pure 

PLST. However, the limited macromolecular chain mobility as a 

result of the formation of intermolecular hydrogen bonds, as well as 

the association between the macromolecules of the blend components 

is also expected to increase the thermal stability.  

     Thermogravimetric analysis (TGA) was used to investigate 

experimentally the thermal stability of PLST/PVA blends. Figure 3 

shows the initial TGA thermograms of unirradiated PLST/PVA blends 

of different ratios. Table 1 summarizes the weight loss (%) at different 

decomposition temperatures for the same materials taken from the 

corresponding TGA thermograms. Overall the decomposition 

temperature range up to 500 
o
C, the weight loss (%) of PLST/PVA 

blends is lower than that for pure PLST.  Also, the weight loss 

decreases with increasing the ratio of PVA in the blend. This finding 

indicates that PLST/PVA blends are thermally more stable than pure 
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PLST. The experimental results are in accordance with the theoretical 

calculation based on the dissociation energies. 
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       Figure 3: TGA thermograms of unirradiated PLST and  

          PLST/PVA blends of different ratios 
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Table 1: Thermal decomposition for pure PLST and             

PLST/PVA blends of different compositions before and after 

gamma irradiation to various doses 

 

 

PLST/PVA  

ratio 

(%) 

Dose 

(kGy) 

Weight loss (%) Tmax 

(
o
C) 100

o
C  200

o
C 300

o
C 400

o
C 500

o
C 

PLST 

(100%) 

0 4.4 10.8 33.4 81.8 89.1 306 

 

90/10  

0 4.3 14.7 36.2 73.3 82.4 309 

10 8.7 13.4 47.1 74.8 82.5 311 

50 9.2 18.4 50.2 74.4 78.7 312 

 

80/20 

0 5.8 10.5 30.6 67.4 74.8 313 

10 7.9 14.1 45.7 71.1 77.1 314 

50 4.0 7.6 27.8 46.1 50.1 316 

 

       The derivative of the TGA thermograms or the rate of reaction 

(dw/dt) was plotted against the temperature over the range 100-500
o
C 

as shown in Figure 4. It can be seen that the curves of the rate of 

reaction for pure PLST and those for PLST/PVA blends goes through 

one maximum over the entire range of temperatures. The temperatures 

of the maximum value of the rate of reaction (Tmax) for PLST and 

PLST/PVA blends of different compositions are shown in Table1. It 

can be seen that the PLST/PVA blends display higher Tmax than that 

for plasticized starch and the Tmax increases with increasing the ratio 

of PVA. These results indicate that the PLST/PVA blends are 

thermally more stable than pure PLST. 

    Figures 5 and 6 show the initial TGA thermograms and rate of 

reaction curves of PLST and PLST/PVA blends of different 

compositions exposed to various doses of gamma irradiation. 
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Figure 4: Rate of reaction curves of unirradiated PLST  

          and PLST/PVA blends of different ratios 
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         Figure 5: TGA thermograms of PLST/PVA blends of  

                         different ratios irradiated to different doses  

                         of gamma irradiation 
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   Figure 6: Rate of reaction curves of PLST/PVA blends of 

                   different ratios irradiated to different doses of  

                   gamma irradiation 
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As can be seen from Table 1, overall the heating temperature 

range up to 500
o
C, the thermal stability of irradiated PLST/PVA 

blends is higher than unirradiated blends.  

      Based on the TGA study, few points can be addressed:  

(1) The major loss in weight (20-70%) for the unirradiated or 

irradiated blends occurs within the range of 200-350
o
C in which the 

irradiated blends possess higher thermal stability than non-irradiated 

blends.  In this regard, the thermal stability of blends increases with 

increasing the ratio of PVA polymer. Van Krevelen developed a 

correlation for the temperature of half-decomposition (Td1/2), which is 

defined as the temperature at which the loss of weight during 

pyrolysis reaches 50 % of its final value (at a constant rate of 

temperature rise (Van Krevelen, 1990). In this correlation Td1/2 is 

approximated in terms of the ratio of the molar thermal decomposition 

function (Yd1/2) divided by molecular weight (M) per repeat units:  

Td1/2= Yd1/2 / M.  It should be noted that Yd1/2 is estimated by group 

contribution and is expressed in Kelvin Kg/mol; and because M is in 

grams/mol, a conversion factor of 1000 much be used. On the basis of 

this correlation, the calculated Td1/2 value for PVA was found to be 

322 
o
C (Bicrano, 1993). As shown in Table 1, the experimental results 

of Td1/2 for the different blends are in accordance with the theoretical 

calculations.  

(2) The temperatures of the maximum value of the rate of reactions 

(Tmax) indicates clearly that the gamma irradiated blends possess 

higher thermal stability than unirradiated blends. The Tmax was found 

to increase with increasing irradiation dose and the ratio of PVA in the 

blends. The rate of reaction curves generally display similar trends, in 
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which all the blends showed one maximum indicating a good 

distribution between PLST and PVA in their blends. Moreover, a 

visual observation showed that all solutions of PLST/PVA mixture 

were clear at room temperature and the films of the blends appeared 

transparent.  

(3) The increase in thermal stability associated with the increase of 

irradiation dose could be attributed to crosslinking of PVA component 

and the occurrence of oxidative degradation to the PLST component. 

It has been shown that the increased thermal stability of polymer 

networks made of vinyl terminated polyurethane, vinyl benzyl alcohol 

and poly (methyl methacrylate) results from crosslinking, as 

concluded from TGA study (Sriram, et al 2001). Also, it was reported 

that the increase in the thermal stability of polyesters, polypropylene 

and rayon fibers brought about by increasing the irradiation dose is 

due to the formation of double bonds and crosslinking (Sundari and 

Isni, 1983). Moreover, it was reported that crosslinking increases the 

thermal stability of polymers as a result of structural effects on the 

thermo-oxidative stability (Bicrano, 1993).  

  3.1.2. Differential Scanning Calorimetry 

     Differential scanning calorimetry (DSC) technique is one of the 

convenient methods for investigating the compatibility of polymer 

blend. It was used to investigate the effect of blending PVA with 

PLST on the glass and melting transitions of PLST/PVA blends. 

Figures 7, 8 and 9 show the DSC thermograms for PLST and 

PLST/PVA blends of different ratios before and after they had been 

exposed to various doses of gamma irradiation. Table 2 summarizes 

the different kinetic parameters taken from these thermograms. 
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Figure 7: DSC scans of unirradiated PLST and PLST/PVA blends  

                 of different compositions 
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Figure 8: DSC scans of PLST/PVA (90/10) blend irradiated to 

                   different doses 
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Figure 9: DSC scans PLST/PVA (80/20) blend irradiated to 

                       different doses 
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Table 2: DSC parameters of PLST and PLST/PVA blends    

          before and after gamma irradiation to various doses 

 

PLST/PVA 

Blend ratio  

(%) 

Dose 

(kGy) 

Melting 

Temperature  

(
o
C) 

Glass Transition 

Temperature 

(
o
C) 

PLST 

(100) 

Unirradiated - 67.5 

  

90/10  

  

Unirradiated 243.1 97.8 

10 237.3 118.0 

50 240.7 125.3 

 

80/20 

Unirradiated 243.3 98.0 

10 227.1 91.2 

50 238.3 114.4 

 

  

    It should be noted that the Tg was taken as the temperature of the 

onset of the first endothermic peak which is the enthalpy relaxation of 

the amorphous part and the Tm was taken as the onset of the second 

endothermic peak which is due to the melting of the crystalline part of 

the blend. The first transition starts at 60
o
C for PLST and ends with 

endothermic transition with peak around 100
o
C.  However, it is 

evident that the DSC scans of the glass transition do not show either 

the Tg of PVA or PLST, but instead a new single glass transition 

which may suggest the occurrence of compatibility. The reported glass 

transition temperatures in the literature for PLST and poly (vinyl 

alcohol) were 84 and 99
o
C, respectively.  

     The DSC thermograms of PLST/PVA blends showed two 

endothermic peaks due to the glass transition temperature (Tg) and the 

melting temperature (Tm) either before or after gamma irradiation. It 
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can be seen that the value of Tg increases with increasing irradiation 

dose and also, there is a drop in the Tm due to the gamma irradiation of 

the blends to a dose of 10 kGy and then increases at the dose of 50 

kGy, regardless of the blend ratio. 

   Based on the thermodynamic theory of glass transition temperature, 

the familiar Fox equation (shown below) derived to predict the Tg of 

binary mixtures of complete miscible polymers was applied to the 

present PLST/PVA blends (Fox, 1956).    

1/Tg = M1/Tg1 + M2/Tg2 

Where Tg, Tg1 and Tg2 are the glass transition temperatures of the 

polymer blend and the individual polymers, respectively. M1 and M2 

are the mass fractions of the individual polymers. The expected Tg 

values for the PLST/PVA blends of ratios 90/10 and 80/20 calculated 

according to the Fox equation are 72.2 and 77
o
C, respectively. The 

deviation of the Tg values (from DSC) from those calculated on the 

bases of the Fox equation for the same blends were found to 25.83 and 

21.03
o
C, respectively. This deviation may be due to the occurrence of 

crosslinking, which restricts the mobility of chains.  

 

3.1.3. Mechanical Testing 

  

     Most plastic materials are used because they have desirable 

mechanical properties at an economic cost. For this reason, the 

mechanical properties may be considered the most important of all the 

physical properties of high polymers for most applications. There are 

many structural factors, which affect the mechanical behavior of such 

materials. In addition to the chemical composition, molecular weight, 
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crosslinking and branching, crystallinity and crystal morphology, 

copolymerization, plasticization, molecular orientation and fillers are 

structural factors, which affect the mechanical properties. Starch is a 

semi-crystalline polymer having a highly branched amylopectin 

molecules, a partially crystalline component, and a nearly linear 

amylase molecules apparently the amorphous part. When starch is 

heated with water it displays the gelatinization phenomena caused by 

the insoluble amylopectin component. The stress-strain test is the most 

widely method used of all the mechanical tests. In this work, the effect 

of gamma irradiation on the mechanical properties of PLST/PVA 

blends of different ratios was studied as shown in Fig. 10. For 

unirradiated blends, the tensile strength and elongation at break were 

found to increase by increasing the ratio of PVA. At any ratio of 

PLST/PVA, the tensile strength and elongation at break was found to 

increase with increasing irradiation dose as shown from figs. 10 

and11. The improvement in the tensile strength of unirradiated 

PLST/PVA blends with increasing the ratio of PVA may be attributed 

to the formation of hydrogen bonds or chemical interaction between 

the –OH group of PVA and the –OH group of starch as shown in the 

following scheme 1. On the other hand, the improvement in 

mechanical properties after gamma irradiation is due to the occurrence 

of crosslinking to the PVA component in the blend. The introduction 

of PVA as a flexible polymer into plasticized starch would result in 

the formation of hydrogen bonding between PLST and PVA in the 

blend. However, the presence of PVA prevents the retogradation 

process that may occur in the amylopectin component of starch and 

consequently, the elongation at break will increase. The increase in 
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elongation at break in irradiated samples may be due to the occurrence 

of oxidative degradation to starch component and crosslinking to PVA 

component.  
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       Figure 10: Effect of irradiation dose on the tensile strength at 

                         the break point for PLST/PVA blends of different  

                         compositions 
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Figure 11: Effect of irradiation dose on elongation at the break 

                  point for PLST/PVA blends of different compositions 
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Scheme 1. Proposed hydrogen bond formation between poly vinyl  

                  alcohol (PVA) and starch. (Maolin, et al 2003). 
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3.1.4. Scanning Electron Microscopy (SEM) 

 

      In compatible blends such as PLST/PVA, the mechanical 

properties of the blends depend on the phase dispersion as well as on 

phase size. Thus, in the PLST/PVA blends, PVA is expected to be the 

dispersed phase. Figure 12 and 13 show the SEM micrographs of the 

fracture surfaces of unirradiated pure PLST and PLST/PVA blends of 

different ratios before and after gamma irradiation. As can be seen 

from Figure 12, the fracture surface of pure PLST is not smooth and 

characterized by the presence of white particles due the gelatinization. 

However, the SEM micrographs of unirradiated PLST/PVA blends 

showed a different surface morphology, in which the surface is 

smooth and with different texture and this texture changes with 

increasing the PVA ratio in the blend. The effect of gamma irradiation 

is very clear, in which it is difficult to distinguish the PLST phase, 

which seems to become a part of the whole matrix. Also, after gamma 

irradiation it was difficult to distinguish it. This may be due to the 

adhesion between PLST phase and PVA. This adhesion induced by 

free radical formation at boundary surfaces of two phases and 

consequently the matrix appeared as a continuous phase with compact 

structure.  
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    Figure 12:  SEM  micrographs  of  the  surface fractures of  

                      unirradiated pure PLST and PLST/PVA blends 

                      of different ratios 
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Figure 13: SEM micrographs of the surface fractures of 

                   PLST/PVA blends of different ratios exposed 

     to different doses of gamma radiation 
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3.1.5. Application of PLST/PVA blends as Edible Materials 

    

      Fruits and vegetables are living organisms which continue to 

respire and transpire after harvesting. Fruits and vegetable are 

characterized by a high respiration rate and the shelf life can be 

extended by reducing the respiration and transpiration rates. This can 

be done by controlling factors such as temperature, relative humidity, 

light and mechanical damage, using some treatments as waxing, 

irradiation, and...etc.  

 Edible films and coatings are thin layers that act as a barrier to the 

external factors such as (oxygen, oil and water vapor) and thus protect 

the food products and extend their shelf life (Cuq et al., 1997; 

Arvanitoyannis et al., 1998; Naushad and Stading, 2007). The edible 

films made with proteins and (polysaccharides) are generally 

considered as effective gas barriers at low relative humidity. In 

contrast, relatively low moisture barrier property can be expected, 

because of the hydrophilic nature of these materials. Furthermore, the 

protein films are more expensive and physically poorer than the 

synthetic polymeric films, limiting wide commercial production. The 

addition of the plasticizing agents to the edible films depending upon 

polymer rigidity is often required to overcome film brittleness caused 

by extensive intermolecular forces (Hernandez-Izquierdo and 

Krochta, 2008). Plasticizers reduce these forces and increase 

flexibility and extensibility of the films. This avoids cracking of the 

film during subsequent handling and storage. The plasticizers must be 

compatible with the polymer matrix. Whey, the byproduct of cheese-

making, is one of the biggest reservoirs of food protein remaining 
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largely outside human consumption channels (Anker et al., 1999). 

Hence, great efforts are made to find new uses for whey protein, for 

example, as edible and biodegradable films. The use of pure whey 

protein can be rather expensive for commercial purposes. On the other 

hand, whey powder is low in cost and readily available. Due to the 

high concentration of lactose (50%, w/w), whey powder has poor 

film-forming abilities despite its low material cost (Yong et al., 2002). 

Zein (prolamin fraction of corn protein) is produced commercially 

from corn gluten meal (CGM). CGM is a co product material that is 

obtained during starch production. (Ghanbarzadeh and Oromiehi, 

2006). Zein has high proportion of hydrophobic amino acids so that 

zein films show lower water vapour permeability in comparison to 

other proteins such as whey protein and gelatin. Zein film has also 

higher mechanical strength than whey protein film and desirable heat 

seal property. In contrast, whey protein film has higher flexibility and 

clarity than zein film (Ghanbarzadeh and Oromiehi, 2006). 

Furthermore, zein can be used as a binder to fatty acids, because both 

are alcohol soluble. The latter is very important in relatively 

hydrophobic film production (Yong et al., 2002). Phase transitions are 

changes in the physical state of matter due to changes in temperature 

or pressure. First order transitions show a step change in enthalpy, 

entropy, and volume at the temperature of the transition (Aguilera and 

Stanley, 1999). Melting, crystallization, vaporization, condensation, 

sublimation, transitions between polymorphic states in fats, starch 

gelatinization, and protein denaturation are first order transitions in 

foods (Aguilera and Stanley, 1999). Materials with amorphous or 

partially amorphous structures undergo a transition from a brittle 
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glassy solid state to a rubbery or highly viscous state at a material-

specific temperature called the glass transition temperature (Tg). Glass 

transition in amorphous food materials is a second order phase 

transition and generally occurs over a range of temperature rather than 

at a single temperature. Restriction of movement at the Tg results in a 

very high apparent viscosity (>1012 Pa s) and shear modulus (>109 

Pa) (Aguilera and Stanley, 1999). The glass transition temperature 

(Tg) has been an important parameter in the study of synthetic and 

edible biodegradable polymers, because it influences the use of these 

materials. For example, it is expected that the permeation of gas and 

vapor molecules through a film will be higher above Tg, where 

polymer chains are more mobile (Anker et al., 1999; Mathew and 

Abraham, 2008). Above Tg, polymeric materials exist in a soft, 

rubbery state, which impairs barrier properties, whereas below Tg, 

polymers are in a glassy, low-permeable state (Galieta and Di Gioia, 

1998). The Tg values are also important for determination of 

compression molding and extrusion temperatures. Generally, Tg is 

increased by increasing the amount of stiff chains and bonds, bulky 

side groups, cross-linking between chains, and the degree of 

crystallinity, whereas Tg is decreased when the amount of low 

molecular plasticizers is increased. The free volume theory states a 

plasticization as a study of ways to increase free volume and is useful 

in explaining the lowering of the glass transition temperature (Tg) by a 

plasticizer. Ideal plasticizers are miscible and compatible in all 

proportions with plastic components, and they may be added to 

polymers in solution (dispersion technique) or after solvents have 

been removed (absorption technique). Water, oligosaccharides, 
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polyols, and lipids are different types of plasticizers widely used in 

hydrocolloid-based films (Suyatma et al., 2005). In the case of the 

edible and biodegradable films, water acts as a plasticizer depressing 

Tg (Dong et al., 2004). Water, which is a low molecular weight 

component, increases free volume and thereby allows increased 

backbone chain segmental mobility, which in turn produces structural 

relaxation at a decreased temperature. The incorporation of oils (and 

other lipid derivative as waxes, fatty acids and surfactants) to protein 

films and laminating of hydrophile films by excess layer may help in 

limiting the moisture migration (Cheng et al., 2008). Lamination is 

used to improve the performance of polymeric films by combining the 

properties of several types of films into one sheet, e.g., polyethylene 

and polypropylene (Rakotonirainy and Padua, 2001). Lamination 

may be accomplished by the hot pressing heat-sealable films together 

or by applying an adhesion (as starch or polyurethane) to the surface 

of single layers. Lamination of similar materials may be useful to 

decrease leakage through film pores. Each film would cover tears, 

pores, and cracks on the next. A few research works have been 

performed on laminated protein films but nothing was about the 

thermal properties of bilayer zein- whey protein films.  

 

      Polymer blends in this part are considered natural polymer, edible 

materials and were used as coating for fruits like mango. Different 

blends were starch, poly (vinyl alcohol) (PVA), chitosan, glycerol as a 

plasticizer PLST/PVA/Chitosan with ratio (80/20/5%).  Chitosan was 

used as antibacterial material. Three groups of mango were used. The 

first group was untreated group and served as a control and the second 
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group was treated with the solution before irradiation and the third 

group was treated with irradiated solution (10 kGy) and the coating of 

mango with irradiated solution has prolonged the storage life from 7 

to 17 days as shown in Fig. 14, 15 and 16. At the 17
th

 day, Mango 

kept good colour natural and ripening, whereas the control is damaged 

completely and the fruit which was coated with unirradiated blend 

could not prevent the ripening. This effect is due to 

1- The antimicrobial effect of chitosan, which prevents the attack 

of microorganisms 

2- The homogeneous coating would prevent the transfer of 

humidity and oxygen to fruits, which prevent any deterioration 

in the fruits 

3- The gamma irradiated films with improved mechanical and 

thermal properties will eventually withstand and protect the 

fruits against stresses and temperature   

4-  The anti-fungal activity and the change in physico-chemical 

properties of blend by gamma irradiation. 
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untreated mango fruits 

 

Figure 14: Photographs of untreated mango fruits; pictures were  

                    taken after 17 day at room temperature  
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Mango fruits coated with unirradiated PLST/PVA/chitosan 

blends 

 

Figure 15: Photographs of treated mango fruits with unirradiated 

                   PLST/PVA blends; pictures were taken after 17 day at 

                   room temperature  
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Mango fruits preserved by coating with gamma irradiated 

PLST/PVA/chitosan blends 

 

Figure 16: Photographs of Mango fruits preserved by coating with 

                  gamma  irradiated  PLST / PVA blends;  pictures  were   

                  taken after 17 day at room temperature  
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3.1.6. Antibacterial Effects of PLST/PVA/Chitosan  

 

      There has been a growing interest in recent times to develop 

materials with film-forming capacity and having antimicrobial 

properties which help improve food safety and shelf life. 

Antimicrobial packaging is one of the most promising active 

packaging systems that have been found highly effective in killing or 

inhibiting spoilage and pathogenic microorganisms that contaminate 

foods. In this context, chitosan films have shown great promise for 

their application in food preservation. It is well-known that microbial 

alternations are responsible for the enormous losses in food and hence, 

over the years, various chemical and physical processes have been 

developed to extend shelf-life of foods. Among such processes 

adequate packaging of food products is a fundamental factor in their 

conservation and marketing phases. Thus, packaging is not only 

crucial but actually preponderant for food quality preservation. The 

antimicrobial packaging have been used to control microbial growth 

in a food ingredient using packaging materials and edible films and 

coatings that contain antimicrobial agents and sometimes by using 

techniques that modify the atmosphere within the package. Because of 

the increase in consumer demand for minimally processed, 

preservative-free products, the preservative agents must be applied to 

packaging in such a way that only low levels of preservatives come 

into contact with the food. In order to meet this demand, the film or 

coating technique is considered to be more effective though little 

cumbersome to apply. A greater emphasis on safety features 

associated with the addition of antimicrobial agents is gaining ground 
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as one of the emerging areas for development in packaging technology 

and it is likely to play a major role in the next generation of ‘active’ 

packaging systems. Active packaging is the packaging system 

possessing attributes beyond basic barrier properties that are achieved 

by adding active ingredients in the packaging system and /or using 

functionally active polymers. When the packaging system acquires 

antimicrobial activity, the packaging system (or material) limits or 

prevents microbial growth by extending the lag period and reducing 

the growth rate or decreases live counts of microorganisms. The 

primary goals of a conventional packaging system such as safety 

assurance, quality maintenance, and shelf-life extension, exactly take 

a reversed order for an antimicrobial packaging system. Food security 

has always been a big issue worldwide and antimicrobial packaging 

could play a major role in food security assurance. Currently, food 

application of an antimicrobial packaging system is limited due to the 

availability of suitable antimicrobials, new polymer materials, 

regulatory concerns, and appropriate testing methods. Edible films or 

coatings have been investigated for their abilities to retard moisture, 

oxygen, aromas and solute transports. Edible and biodegradable films 

are always not meant to totally replace the synthetic packaging films 

though it is one of the most effective methods of maintaining food 

quality. Usually film-forming substances are based on proteins, 

polysaccharides lipids and resins or a combination of these.  

      Chitosan, a linear polysaccharide consisting of (1, 4)-linked 2-

amino-deoxy-b-D-glucan, is a deacetylated derivative of chitin, which 

is the second most abundant polysaccharide found in nature after 

cellulose as shown below. Chitosan has been found to be nontoxic, 
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biodegradable, biofunctional and biocompatible in addition to having 

antimicrobial characteristics. As compared with other bio-based food 

packaging materials, chitosan has the advantage of being able to 

incorporate functional substances such as minerals or vitamins and 

possesses antibacterial activity. In view of these qualities, chitosan 

films have been used as a packaging material for the quality 

preservation of a variety of food. Recently, a chitosan-starch film has 

been prepared using microwave treatment which may find potential 

application in food packaging. 

 

Structure of Chitin and Chitosan 

 

   Disks from natural polymer blends as PLST/PVA/Chitosan were 

prepared and these disks were taken from unirradiated and irradiated 

films by gamma rays at 10, 30 kGy and placed in a petri dishes 

containing a media of Escherichia Coli (E. coli) and the antimicrobial 

activity of PLST/PVA/chitosan blends was examined by observing the 

growth suppression of E. coli before and after gamma irradiation with 

various doses as shown in Figures 17, 18 and 19.  It was found that the 

unirradiated samples were attacked by E. coli and at 10, 30 kGy 

inhibition of bacteria growth as well as formation of inhibition zones 

around the sample were observed. It can be seen that irradiation of 
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chitosan blends was effective in increasing the activity and inhibited 

the growth of E-coli. The inhibition zone increased by increasing 

irradiation dose.  

      The mechanism of antimicrobial action of chitosan is due to the 

positive charge on the C2 of the glucosamine monomer. Below pH 6, 

chitosan is more soluble and has a better antimicrobial activity than 

chitin Chen, et al (1998). The exact mechanism of the antimicrobial 

action of chitin, chitosan, and their derivatives is still imperfectly 

known, but different mechanisms have been proposed Rabea, et al 

(2003). One of the reasons for the antimicrobial character of chitosan 

is its positively charged amino group which interacts with negatively 

charged microbial cell membranes, leading to the leakage of 

proteinaceous and other intracellular constituents of the 

microorganisms Shahidi, et al (1999). Chitosan acted mainly on the 

outer surface of bacteria. At a lower concentration (0.2 mg/mL), the 

polycationic chitosan does probably bind to the negatively charged 

bacterial surface to cause agglutination, while at higher 

concentrations, the larger number of positive charges may have 

imparted a net positive charge to the bacterial surfaces to keep them in 

suspension (Papineau, et al 1991; Sudarshan, et al 1992). 

 

 

 

 

 

 

 



RESULTS AND DISCUSSION               CHAPTER III-Part 1 

________________________________________________________ 

 

120 

 

 

 

 
   Figure 17: Inhibitory effect of unirradiated PLST/PVA/chitosan 

                    solution  against E.coli.  

A refers to PLST/PVA/chitosan ,  

B refers to PLST/CMC/chitosan. 
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Figure 18: Inhibitory effect of PLST/PVA/chitosan solution after 

                  irradiation against E.coli. 

       A refers to PLST/PVA/chitosan (10 kGy),  

       B refers to PLST/CMC/chitosan (10 kGy). 
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Figure 19: Inhibitory effect of PLST/PVA/chitosan solution after 

                  irradiation against E.coli. 

        A refers to PLST/PVA/chitosan (30 kGy),  

        B refers to PLST/CMC/chitosan (30 kGy). 
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3.2. Effect of Gamma Irradiation on the Physical 

and Chemical Properties of Plasticized Starch 

(PLST)/Carboxymethyl cellulose (CMC) Blends 

 

 

     Biological recycling of polymers must be considered as an 

alternative to more traditional recycling procedures and this has 

stimulated researchers to synthesize new polymers that can be 

returned to the biological cycle after use. Therefore the use of 

agricultural biopolymers that are easily biodegradable not only would 

solve these problems, but would also provide a potential new use for 

surplus farm production (Parra, et al 2004). 

Over the last few years, the interest in biodegradable films and films 

made from renewable and natural polymers has increased. Water-

soluble polysaccharides such as starch, chitosan, cellulose derivatives, 

alginate, carrageenan and pectin can form biodegradable and edible 

films [Nisperos-Carriedo, (1994), Lawton, (1996),
 

Krochta, (1997), 

Fernández-Cervera, et al (2004), García, et al (2004)]. Numerous studies 

have been carried out to analyze the properties of starch-based films 

[Lawton and Fanta (1994), Lourdin, et  al (1995),  Arvanitoyannis, et  al 

(1998), García, et al (1999), García, et al (2000),  Mali, et al (2005)]. In 

absence of additives, film made from starch or amylase is brittle and 

sensitive to water (hygroscopic). The addition of plasticizers 

overcomes starch film brittleness and improves flexibility and 

extensibility. Occasionally the plasticizers are used only to facilitate 

the polymer processing. Water, oligosaccharides, polyols and lipids 

are different types of plasticizers widely used in hydrocolloid based 
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films (Cuq, et al 1998). Generally, there are two approaches to 

overcome these drawbacks. One method is to blend starch with other 

biodegradable polymers (Shui-Dong, et al 2007). The mechanical 

properties and water resistance of blends significantly depend on the 

content of biodegradable polymer. Another method to modify the 

properties of starch is the preparation of starch derivatives by 

replacing the hydrophilic –OH groups by hydrophobic groups, for 

example by esterification and etherification. Whatever modification 

methods are applied, TPS does not show simultaneously a satisfactory 

elongation at break and tensile strength due to the glucose ring in the 

molecular structure of starch and the drastically decreased molecular 

weight. Moreover, the prices of these modified starches are higher 

than those of other polymers.  

    CMC is a polymer has a significant swelling capacity, non-toxicity, 

biodegradability, unique reactivation, hydrophilicity and molecular 

characteristics, and its wide use in the pharmaceutical industry (Bajpai 

and Shrivastava, 2005). Cellulose and its derivatives generally undergo 

degradation by high energy radiation. Radiation crosslinking, 

however, was observed in high concentration solution (paste-like 

condition) of carboxymethyl cellulose (CMC) (Peng, et al 2005). 

Crosslinked CMC is suitable for healthcare product such as surgical 

operation mats for prevention of bedsores. 

     Packaging materials are being sterilized by ionizing radiation as an 

alternative to other sterilization methods, e.g. chemical or heat 

treatment. Sterilization takes place in commercial irradiation plants 

with ionizing radiation from 
60

Co-sources and electron accelerators, 

respectively. Authorities’ specific regulations for irradiated goods, 
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low consumer acceptance and effects of ionizing radiation on 

polymers and polymer additives however, led to a low application 

level of irradiation for sterilization of packaging materials in the past.  

   In this research, the effects of gamma-irradiation on monomers and 

polymers and polymer blends have been investigated. It was looked 

into changes of the initial properties of polymer blend constitute then 

irradiated and its possible used in food packaging materials.   

  

3.1.1. Swelling Properties of PLST/CMC Blends 

 

       Figure 20 shows the swelling kinetics in water at 25
o
C for 

PLST/CMC blends of different compositions exposed to various doses 

of gamma irradiation. It can be seen that the degree of swelling for all 

the blends increases progressively with increasing the ratio of CMC in 

the blends. Also, the degree of swelling was found to decrease with 

increasing the irradiation dose.  This is due to the higher hydrophilic 

character of CMC than PLST. The decrease in the degree of swelling 

by increasing irradiation dose can be explained on the basis of the 

crosslinking of CMC. The crosslinking of CMC results in closing the 

voids and spaces between the molecules and thus preventing water to 

penetrate.  
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Figure 20:  Swelling  behaviour  in  water  at  room  temperature 

                    of   PLST / CMC  blends  of  different  compositions  

                    exposed to various doses of gamma irradiation 
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3.2.1. Thermogravimetric Analysis (TGA) 

 

     The dissociation energy of CMC and starch is calculated to be 578 

and 385.9 kJ/mol, Thus it may be conclude that CMC possesses 

higher thermal stability than starch and that the blends of CMC with 

any ratio of CMC will eventually results in blends with higher thermal 

stability than pure PLST. However, the limited macromolecular chain 

mobility as a result of the formation of intermolecular hydrogen 

bonds, as well as the association between the macromolecules of the 

blend components is also expected to increase the thermal stability.  

    Thermogravimetric analysis (TGA) was used to investigate 

experimentally the thermal stability PLST/CMC blends. Figure 21 

shows the initial TGA thermograms for PLST and PLST/CMC blends. 

Also, Table 3 summarizes the percentage weight loss at different 

decomposition temperatures for the same materials taken from the 

corresponding TGA thermograms. As shown, overall the 

decomposition temperatures range up to 600
o
C. This result indicates 

that PLST/CMC blend are thermally less stable than PLST especially 

at temperature range 50-400
o
C. However, blends of PLST/CMC 

which contain high ratio of CMC possess higher thermal stability than 

lower ones. The situation is reversed at temperature range after 400
o
C, 

the thermal stability for PLST/CMC blends are higher than PLST 

alone. The obtained data are in accordance with the data obtained with 

(Mutalik, et al 2007).  
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Figure 21: TGA thermograms of unirradiated pure PLST and 

        PLST/CMC blends of different compositions 
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The derivative of the TGA thermograms or the rate of reaction (dw/dt) 

taken from Fig. 21 was plotted against the temperature over the range 

200-600
o
C as shown in Fig. 22. It can be seen that the curves of the 

rate of reaction for PLST and those for blends starch/CMC go through 

one maximum over the entire range of temperatures. The temperatures 

of the maximum value of the rate of reaction for starch, starch/ CMC 

with different ratio of the blend are shown in Table 3.  However, it can 

be seen that the blend of PLST/CMC to display nearly the same 

temperatures of the maximum rate of reaction as plasticized starch and 

these temperatures increase with increasing the ratio of CMC. These 

results indicate that the starch/CMC is thermally less stable than PLST 

especially at temperature range 50-400
o
C. 

    Figure 23 show the initial TGA thermograms of PLST/CMC blends 

contain a constant ratio of the glycerol as a plasticizer and after 

gamma irradiation to doses of 10 and 50 kGy. Table 3 summarizes the 

percentage weight loss at different decomposition temperatures for the 

same materials taken from the corresponding TGA thermograms. This 

result indicates that starch/CMC composites are thermally more stable 

than starch especially at high temperatures. However, gamma 

irradiated starch/CMC blends possess higher thermal stability than 

unirradiated ones.  
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Figure 22: Rate of thermal decomposition reaction (dw/dt) of 

                unirradiated pure PLST and PLST/CMC blends of 

                     different compositions 
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Figure 23: TGA thermograms of PLST/CMC blends of different  

                     compositions exposed to various doses of gamma 

                     radiation 
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The derivative of the TGA thermograms or the rate of reaction (dw/dt) 

taken from Fig. (21, 23) was plotted against the temperature over the 

range 200-500
o
C as shown in Figs. (22, 24). It can be seen that the 

curves of the rate of reaction for irradiated starch/ CMC blend go 

through one maximum over the entire range of temperatures. The 

temperatures of the maximum value of the rate of reaction for starch/ 

CMC blends before and after gamma irradiation are shown in Table 

(3).  However, it can be seen that the unirradiated or irradiated starch/ 

CMC blend display similar temperatures of the maximum rate of 

reaction for starch.  

      Based on the TGA study, few points can be addressed 

(1)  The major weight loss percentages (20-70%) were lost in the 

temperature range 100- 400
o
C with more stability for unirradiated 

blends after this range than PLST alone. At temperature range 100- 

400
o
C the thermal stability of the blend are less than PLST alone and 

this not with theoretical calculation that based on the average bond 

dissociation energy of starch unit and CMC unit. This may be 

explained that the hydrophilicity of CMC are much more than starch 

so, the weight loss in the temperature range of ~ 150
o
C in CMC is 

more than PLST.  Also, the presence of ether linkage as a weak point 

(dissociation energy ~ 72 k cal/mol) in the side chain make the side 

chain easer to loss after the water loses.  
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Figure 24:  Rate of thermal decomposition reaction (dw/dt)            

                    PLST/CMC blends of different compositions  

                    exposed to various doses of gamma radiation 
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Table 3: Kinetic parameters of the thermal decompositions of 

pure Plst and PLST/CMC blends of different compositions before 

and after irradiation at various doses 

 

PLST/CM

C 

 blends 

 

Dose 

(kGy) 

Weight loss (%) Tmax 
(o

C) 100
o

C 

200
o
C 300

o
C 400

o
C 500

o

C 

PLST 

(100%) 

Unirrad. 4.4 10.8 33.4 81.8 89.1 306 

 

90/10 % 

Unirrad. 4.1 9.5 44.5 71.0 78.1 306 

10 5.71 8.87 50.51 67.43 74.50 296 

50 4.34 9.88 48.06 68.54 72.91 307 

 

80/20 % 

Unirrad. 4.7 10.7 49.7 68.6 73.9 307 

10 7.04 13.2 53.6 73.6 77.9 307 

50 5.00 10.5 49.8 66.3 70.1 309 

 

 2) The maximum value of the rate of reactions (Tmax) indicates that 

the gamma irradiated blends possess nearly the thermal stability 

similar that for unirradiated blends. The Tmax was found to increase 

slightly with increasing the ratio of CMC in the blends. The rate of 

reaction curves generally display similar trends, in which all the 

blends showed one maximum indicating a good distribution between 

PLST and CMC in their blends. Moreover, a visual observation 

showed that all solutions of PLST/CMC mixture were clear at room 

temperature and the films of the blends appear transparent.  

(3) The slight increase in the thermal stability associated with the 

increase of irradiation dose can be attributed to the occurrence of 

oxidative groups in the component as shown in scheme 2.   
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Scheme 2. Proposed radicals formed on side chain of CMC by  

                  ionizing radiation. (Radoslaw, et al 2003). 

 

 

3.2.3. Differential Scanning Calorimetry (DSC) 

 

     DSC analysis has proved to be valuable method for investigating 

the thermal parameters of polymeric systems. In this study, DSC 

curves were obtained for both PLST and PLST/CMC blends as shown 

in Figs. 25 and 26 and some parameters obtained from these curves 
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Figure 25: DSC thermogram of unirradiated PLST/CMC blends 

                    of different ratios 
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Figure 26: DSC thermogram of unirradiated PLST/CMC  

             (80/20%) blends exposed to various doses of gamma  

                    irradiation 
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It should be noted that the Tg was taken as the temperature of the first 

endothermic peak which is the enthalpy relaxation of the amorphous 

part, the Tm was taken as the second endothermic peak which is due to 

the melting of the crystalline part of the blend. The first transition 

starts at 60
o
C for PLST and ends with endothermic transition with 

peak around 100
o
C with maximum peak at 67.5

o
C.  However, it is 

evident that the DSC scans of the glass transition do not show either 

the Tg of CMC or PLST, but instead a new single glass transition 

which may suggest the occurrence of compatibility. The reported glass 

transition temperatures in the literature for PLST and CMC were 84 

and 150
o
C, respectively,

 
depending on the plasticizer used and the 

thermal history of the samples.  

     The DSC thermograms of PLST/CMC blends showed two 

endothermic peaks due to the glass transition temperature (Tg) and the 

melting temperature (Tm) either before or after gamma irradiation. It 

can be seen that the value of Tg increases with adding CMC to starch 

but, decreases with irradiation dose and also, there is a decrease in the 

Tm due to the gamma irradiation of the blends. On the other hand, the 

thermograms of the blend depicted in Fig 25 clearly suggest a semi-

crystalline nature of the blend. These thermograms displays a glass 

transition temperature at 88 ◦C, possibly due to starch, and a sharp 

melting endothermic at 224 ◦C which may be attributed to the melting 

of the crystallites which have developed due to incorporation of semi-

crystalline CMC into the starch. The blend sample is more crystalline 

in nature, which may be explained by the fact that the anionically 

charged CMC chains fold themselves in the starch matrix, so forming 

well-defined crystallites which have developed due to extensive 
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hydrogen bonding between the hydroxyl groups of starch and the 

carboxyl groups of the CMC macromolecules.  

3.2.4. Mechanical Properties  

     The stress-strain test is the most widely method used of all the 

mechanical tests. In this work, the effect of gamma irradiation on the 

mechanical properties of PLST/CMC blends of different ratios was 

studied as shown in Table 4 which displayed the tensile mechanical 

properties of PLST as a blank, and PLST/CMC blend containing 

different ratios of the CMC with a constant ratio of plasticizer, from 

the table it was found that break stress and elongation were increased 

with increasing the ratio of CMC and irradiation doses which was 

confirmed by the figures (27, 28, 29, 30 and 31). The stress strain 

curves of unirradiated PLST/CMC blends of different ratios were 

displayed in fig. 27. The increasing in the strain might be due to the 

increase in the ratio of CMC that retarded the retogardation process in 

starch, the repulsive force between anionic charge on the CMC chains 

which resulted in a space for accommodation of large amount of 

glycerol as well as the presence of a large amount of glycerol that act 

as a plasticizer facilitating the bending of sample and a greater 

mobility of both the starch and the CMC macromolecules, and 

consequently, the improvement in the tensile properties of 

PLST/CMC after irradiation might be attributed to the formation of 

hydrogen bonds or chemical interaction between the –OH group of 

CMC and the –OH group of starch the probability of formation of 

hydrogen bonds between CMC and starch is shown in the following 

scheme3. (Yue, et al 2008). The scheme showed that ester bonds were 
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formed between the hydroxyl groups in amylopectin branches of the 

starch and carboxylate acid groups of CMC.  

 

 

Figure 27: Stress-strain curves of unirradiated PLST/CMC blends  

                  of different ratios 
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Figure 28: Yield stress of PLST/CMC blends of different ratios  

                      exposed to various doses of gamma irradiation 
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   Figure 29: Break stress of PLST/CMC blends of different ratios  

           exposed to various doses of gamma irradiation 
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Figure 30: Break strain of PLST/CMC blends of different ratios  

       exposed to various doses of gamma irradiation 
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Figure 31: Yield strain of PLST/CMC blends of different ratios 

        exposed to various doses of gamma irradiation 
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Scheme 3. Proposed hydrogen bond formation between 

                Carboxy methyl cellulose (CMC) and starch 

               (Yue, et al 2008). 
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Table 4: Tensile mechanical properties for PLST and PLST/CMC 

               blends at different ratios before and after gamma 

irradiation to various doses 

 

PLST/CMC 

blends 

(%) 

Irradiation 

dose 

kGy 

Tensile mechanical properties 

Yield 

stress 

(Kgf/C
2
)
 

Yield 

strain 

(%) 

Break 

stress 

(Kgf/C
2
) 

Break 

strain 

(%) 

PLST 0 15.2 0.34 51.43 6.25 

  

PLST/CMC 

(95/5) 

 

0 3.4 2.24 14.16 3.19 

10 21.3 2.72 30.87 3.82 

20 32.0 3.20 71.87 16.66 

30 43.1 4.08 40.75 18.49 

50 51.2 5.26 55.26 22.36 

   

PLST/CMC 

 (90/10) 

     

0 4.6 2.64 24.20 13.12 

10 26.2 2.98 30.14 5.26 

20 95.9 3.02 42.20 10.71 

30 117.4 3.62 45.30 16.21 

50 137.0 3.70 54.36 18.05 

   

PLST/CMC  

(80/20) 

       

0 1.1 2.75 23.28 15.02 

10 1.0 3.43 30.60 17.37 

20 1.0 2.83 45.88 22.28 

30 5.1 4.86 50.70 23.35 

50 5.7 3.54 60.12 23.37 

PLST/CMC  

 (75/25) 

  

0 10.9 2.93 26.96 15.04 

10 181.7 2.50 40.90 5.37 

20 90.2 3.15 42.60 17.47 

30 216.9 3.50 78.49 18.25 

50 100.7 3.91 113.30 18.79 
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3.2.5. Scanning Electron Microscopy (SEM) 

 

     In compatible blends such as PLST/CMC, the morphology of the 

blends depend on the phase dispersion as well as on phase size. Thus, 

in the PLST/PVA blends, CMC is expected to be the dispersed phase. 

Figure 32, 33 shows the SEM micrographs of the fracture surfaces of 

unirradiated pure PLST and PLST/CMC blends of different ratios 

before and after gamma irradiation. As can be seen from Figure 32, 

the fracture surface of pure PLST is not smooth and characterized 

with the presence of white particles due the gelatinization.  

However, the SEM micrographs of unirradiated PLST/CMC blends 

showed a different surface morphology, in which the surface is 

smooth and with different texture and this texture changes with 

increasing the CMC ratio in the blend. The effect of gamma 

irradiation is very clear, in which it is difficult to distinguish the PLST 

phase, which seems to become a part of the whole matrix. Also, there 

is an evidence for the formation of crosslinking and degradation of the 

PLST phase. 
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Figure 32:  SEM  micrographs  of  the surface fractures  of 

                         unirradiated pure PLST and PLST/CMC blends   

                          of different ratios 
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Figure 33: SEM micrographs of the surface fractures of  

                      PLST/CMC blends of different ratios exposed to 

                      different doses of gamma radiation  
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3.2.4. Antibacterial Effects of PLST/CMC/Chitosan 

 

    The antimicrobial activity of PLST/CMC/Chitosan blends was 

examined by observing the growth suppression of E. coli before and 

after gamma irradiation with various doses as shown previous in 

Figures 17, 18 and 19. Which showed that irradiation of chitosan 

blends was effective in increasing the activity and inhibited the growth 

of E-coli and makes an inhibition zone around the sample. The 

inhibition zone increase by increasing irradiation dose.  
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SUMMARY 

Effect of Gamma Radiation on the Structural Properties of 

Plasticized Starch / Poly (vinyl alcohol) Blends 

     In this part, polymer blends based on various ratio of plasticized 

starch (PLST) and Poly (vinyl alcohol) (PVA) were prepared by 

casting solution techniques. The prepared blends were exposed to 

various doses of gamma radiation. The structure property of the 

polymer blends before and after gamma irradiation was investigated 

by the following technique and the prepared blends were PLST 

(100%), PLST/PVA (95/5%); (90/10%);(80/20%) and (75/25%) 

1- The effect of irradiation dose on the gel fraction percent of various 

ratios of PLST/PVA before and after irradiation was investigated and 

it was found that gel fraction percent increases by increasing the ratio 

of the polymer and by increasing irradiation dose attributed to 

crosslinking between the blends 

2- The effect of irradiation on the swilling percent of different ratios 

of PLST/PVA when exposed to various gamma irradiation dose was 

investigated and the result displayed that swelling percent increases by 

increasing the ratio of the polymer and decreases by increasing 

irradiation dose. 

3- Thermal stability of different blends from plasticized starch (PLST) 

with PVA 

     In this regard, the thermo gravimetric analysis (TGA) technique 

was used to investigate the effect of gamma rays on the thermal 
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stability of the different blends in terms of the percentage weight loss 

at different temperatures and the temperature of the maximum value 

of the rate of reaction   

In this part different compositions with different ratios were prepared 

from PLST and PVA. Blends which have been used were PLST 

(100%), PLST/PVA (90/10%) and (80/20%). 

By exposure this films to gamma ray it was found that weight loss 

percent decreases by increasing irradiation dose 

4- The temperature of the maximum value of the rate of reaction for 

different blends from PLST and PLST/PVA was investigated and it 

was found that irradiated blends posses thermal stability more than 

unirradiated blends and the thermal stability increases by increasing 

irradiation dose due to crosslinking of the blends. 

5- DSC thermograms for unirradiated and irradiated blends of PLST 

and (PLST/PVA) were investigated and it was found that there is one 

Tg for the blend before and after irradiation due to the occurrence of 

compatibility between PLST and PVA. 

6- Mechanical properties of different blends PLST, PLST/PVA  

before and after irradiation were studied. Tensile strength and 

elongation increases by increasing irradiation dose, the increase in the 

tensile strength was due to the crosslinking of the blend and the 

increase in elongation due to PVA prevent retrogradation process of 

starch. 
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7- The SEM micrographs display a different morphology for PLST 

and PVA, in which the fracture surface of the blend is smooth while 

that of PLST contains the characteristic granules, There is a difference 

in texture. 

8- Usage of different polymer blends in industrial application as edible 

materials. 

     Application of irradiated PLST/PVA/chitosan (80/20/5) was 

investigated as coating materials for the fruit preservation. The coating 

of mango with gamma irradiated blend has prolonged the storage life 

from 7 to 17 days. At the 17
th

 day, Mango kept good natural colour 

and ripening, whereas the control is damaged completely and the fruit  

coated with the unirradiated blend could not prevent the ripening.  

9- Usage of polymer blends as antibacterial materials. 

     Disks from natural polymer were prepared as PLST/PVA/Chitosan, 

PLST/CMC/Chitosan with ratios (80/20/5%) and these disks were 

taken from irradiated films by gamma ray at 10 and 30 kGy and 

placed in a petri dishes containing a media of Escherichia coli (E. 

coli) and was found that the unirradiated sample was attacked by E. 

coli and at doses of 10, 30 kGy inhibition of bacterial growth as well 

as the formation of an inhibition zone around the samples were 

observed.  

 

 Effect of Gamma Radiation on the Structural Properties of Plasticized 

Starch/Carboxymethyl cellulose Blends 

          In this part, the prepared blends were PLST (100%), 

PLST/CMC (95/5%), (90/10%), (80/20%) and (75/25%) 
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1- Swelling percentage of PLST/CMC at different ratios changed by 

gamma irradiation and the swelling percent decreased by increasing 

irradiation dose. 

2- The effect of gamma ray on the thermal stability of different blends 

in terms of the percentage of the weight loss at different temperatures 

and temperature of the maximum value of the rate of reaction were 

investigated. It was found that at temperature range 100 - 400
 o

C the 

thermal stability of the blends are less than PLST alone due to the 

presence of ether linkage. The slight increase in the thermal stability 

with increasing irradiation dose was due to the presence of oxidative 

groups. 

3- The maximum value of the rate of reaction (Tmax) indicates that the 

gamma irradiated blends possess nearly the thermal stability similar to 

that of unirradiated blends. 

4- DSC thermograms for unirradiated and irradiated blends of PLST 

and (PLST/CMC) were investigated and it was found that there is one 

Tg for the blend before and after irradiation due to occurrence of 

compatability between PLST and CMC. 

5- Mechanical properties of PLST, PLST/CMC at different ratio 

before and after irradiation were studied and it was found that tensile 

strength increases with increasing irradiation doses which may be due 

to the formation of hydrogen bonds. Elongation increases with 

increasing irradiation dose due to the presence of a large amount of 

plasticizers between molecules. 
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 انًهخض انؼشبٗ

 

اْخًج االبحبد فٗ األَٔت األخيشة بذساست حأريش األشؼبع ػهٗ انخٕاص 

ِ حطبيمبث  طُبػيت ٔاسؼت. ٔفٗ ْز انخشكيبيت نهخٕنيفبث انبٕنيًشيت نًب نٓب يٍ

بٕنيًشيت طبنحت نألكم بٓذف ػًم حى ححضيش حٕنيفبث يٍ يٕاد  انشسبنت

ْزِ انخٕنيفبث يٍ  ًبَضٕيزم ان نًٕاد انغزائيتنبؼض ا حغطيت ٔ فهيغح

ضبسة بظحت  ذيمت نهبيئت ٔغيش يهٕرت نٓب ٔغيشحؼخبش طانخٗ انبٕنيًشيت 

ْزِ انخٕنيفبث انبٕنيًشيت. خٕاص االَسبٌ. كًب حى دساست حأريش االشؼبع ػهٗ 

ْٔزِ انخٕنيفبث انبٕنيًشيت حؼخًذ بظفت اسبسيت ػهٗ انُشب ٔبٕنٗ فيُيم 

ص ٔانكيخٕصاٌ يغ اضبفت يٕاد يهيُت يزم ٔانكشبٕكسٗ ييزيم سيهيهٕأانكحٕل 

 انضهيسشٔل

حأريش اشؼت صبيب ػهٗ انخٕاص انخشكيبيت نخٕنيفبث بٕنيًشيت يخخهفت يٍ انُشب 

 يغ بٕنيًش كحٕل انفيُيمانًهذٌ 

فٗ ْزا انضضء حى ححضيش حٕنيفبث ػهٗ ْيئت افالو ححخٕٖ ػهٗ َسب يخخهفت 

 كحٕل انفيُيم  يًشٌ ٔبٕنذيٍ انُشبانًه

 كحٕل انفيُيم  يًشٌ/بٕنذ%( ، انُشب انًه100ٌ )ذاالفالو ْٗ انُشب انًه ٔكبَج

(95/ 5،)% (90/10(،)%80/20( ،)%75/25)%. 

 مبط انخبنيت:فٗ انُ ْزا انضضء ٔيًكٍ حهخيض

حى دساست حأريش االشؼبع ػهٗ َسبت انضضء انًخبمٗ يٍ انٓيذسٔصيالث  -1

ٔأظٓشث   كحٕل انفيُيم ٕنيًشانًكَٕت يٍ حٕنيفبث يخخهفت يٍ انُشب انًهذٌ/ب
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ء انًخبمٗ يٍ انٓيذسٔصيم حضداد بضيبدة َسبت انبٕنيًش انُخبئش اٌ َسبت انضض

ٔكزنك بضيبدة االشؼبع ْٔزِ انضيبدة حشصغ انٗ حذٔد حشببك ػشضٗ نٓزِ 

 انخٕنيفبث

حى دساست حأريش االشؼبع ػهٗ خبطيت االَخفبش نخٕنيفبث يخخهفت يٍ انُشب  -2

حضداد بضيبدة َخفبش ٔأظٓشث انُخبئش اٌ َسبت اال كحٕل انفيُيم انًهذٌ/بٕنيًش

َسبت انبٕنيًش ٔحمم بضيبدة االشؼبع ْٔزا يشصغ انٗ حذٔد حشببك ػشضٗ 

 نٓزِ انخٕنيفبث

كحٕل  ٌ يغ بٕنيًشذدساست انزببث انحشاسٖ نخٕنيفبث يخخهفت يٍ انُشب انًه -3

 ت.االحي خٕنيفبثان اسخخذاوفٗ ْزا انضضء حى ٔانفيُيم 

كحٕل انفيُيم  ٌ/بٕنٗذ، انُشب انًه%(100ٌ )ذانُشب انًه

ٔحى دساست انزببث انحشاسٖ بًؼهٕييت انفمذ فٗ  %(%80/20(،)90/10)

انٕصٌ ػُذ دسصبث حشاسة يخخهفت لبم ٔبؼذ انخشؼيغ بأشؼت صبيب ٔأظٓشث 

انُخبئش اٌ َسبت انفمذ فٗ انٕصٌ حمم بضيبدة َسبت انبٕنيًش فٗ انخٕنيفبث 

يت ٔببسخخذاو اشؼت صبيب ٔصذ اٌ َسبت انفمذ فٗ انٕصٌ حمم بضيبدة  انًسخخذ

 .انخشؼيغ ايضب

أظٓشث انُخبئش اٌ دسصبث انحشاسة انؼظًٗ نميًت يؼذل حفبػم انخكسيش  -4

اٌ  كحٕل انفيُيم بٕنيًش انحشاسٖ نهخٕنيفبث انًخخهفت يٍ انُشب انًهذٌ يغ

يفبث انغيش يشؼؼت ٔاٌ انؼيُبث انًشؼؼت اكزش اسخمشاسا حشاسيب يٍ انخٕن

 .االسخمشاس انحشاسٖ يضداد بضيبدة انخشؼيغ ٔرنك نحذٔد حشببك ػشضٗ

نخٕنيفبث حى دساست حأريش انخشؼيغ انضبيٗ ػهٗ اطٕاس انخحٕل انضصبصٗ  -5

ٔأظٓشث انُخبئش ظٕٓس  يخخهفّ يٍ انُشب انًهذٌ يغ بٕنيًش كحٕل انفيُيم
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بؼذ انخشؼيغ بأشؼت صبيب ْٔزا دسصت حشاسة ححٕل صصبصٗ ٔاحذة سٕاء لبم أ 

 يؤكذ حذٔد ػًهيت ايخضاس صضئٗ نهخٕنيفبث.

دساست حأريش انخشؼيغ انضبيٗ ػهٗ انخٕاص انًيكبَيكيت نخٕنيفبث انُشب  -6

 انًهذٌ/بٕنيًش كحٕل انفيُيم ٔأظٓشث انُخبئش اٌ لٕة انشذ حضداد بضيبدة

د بضيبدة االشؼبع ٔرنك بسبب حذٔد حشببك ػشضٗ ٔايضب االسخطبنت حضدا

بيًُغ انؼًهيت االسحضبػيت االشؼبع ٔرنك الٌ بٕنيًش كحٕل انفيُيم 

 نالييهٕبكخيٍ انًٕصٕد فٗ انُشب

االنكخشَٔٗ انًبسح اٌ انخشكيب انًيكشٔسكٕبٗ أظٓشث َخبئش انفحض  -7

نسطح افالو انُشب يخخهف ػٍ سطح حٕنيفبث انُشب يغ بٕنيًش انًٕسفٕنٕصٗ 

نظٕس انفٕحٕغشافيت انذليمت اٌ سطح انُشب كحٕل انفيُيم . حيذ اظٓشث ا

يحخٕٖ ػهٗ انحبيببث انًًيضة ٔاٌ سطح انبٕنيًش يخًيض ببنُؼٕيت ٔاَّ يٕصذ 

 اخخالف فٗ انُسيش بيٍ انُشب ٔ انبٕنيًش.

 اسخخذاو انخٕنيفبث انبٕنيًشيت فٗ انخطبيمبث انظُبػيت كًٕاد لببهت نألكم. -8

طبيؼيت لببهت نألكم ٔاسخخذيج كطالء  انخٕنيفبث انبٕنيًشيت انًظُؼت ْٗ يٕاد

ٌ/بٕنيًش ذانُشب انًهحى اسخخذاو يحهٕل يٍ ٔ نهفبكٓت يزم فبكٓت انًبَضٕ

و انكيخٕصاٌ كًبدة اسخخذ%( 80/20/5ٔكحٕل انفيُيم/انكيخٕصاٌ بُسبت )

 .يضًٕػبث يٍ انًبَضٕد رال بساحضحى ٔ .يضبدة نهبكخيشيب

انًضًٕػّ االٔنٗ حشكج بذٌٔ يؼبنضت ٔ انًضًٕػت انزبَيت حى طالئٓب بٓزا 

حشؼيؼّ  ذببنًحهٕل بؼ طالئٓبانًحهٕل بذٌٔ حشؼيغ ٔانًضًٕػت انزبنزت حى 

طبنت فخشة حخضيٍ انًبَضٕ ٔاظٓشث انذساست اطبنت ٔحًج ْزِ انذساست بٓذف ا

    يٕو 17ايبو انٗ  7فخشة انخخضيٍ يٍ 
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 فبث انبٕنيًشيت كًٕاد يضبدة نهبكخيشيب.اسخخذاو انخٕني -9

ٌ/بٕنيًش كحٕل انفيُيم/انكيخٕصاٌ، ذحى ػًم حٕنيفبث بٕنيًشيت يٍ انُشب انًه

لبم ٔ بؼذ الشاص طغيشة يٍ ْزِ االفالو  اخز%( ٔحى 80/20/5بُسبت )

كيهٕ صشاٖ ٔحى ٔضغ ْزِ االلشاص 10،30صبيب ػُذ صشػبث  انخشؼيغ بأشؼت

. اظٓشث انذساست اٌ انؼيُبث انغيش ظ بكخيشٖفٗ اطببق ححخٕٖ ػهٗ ٔس

ايب االلشاص  بكخيشيب االيششيشيب كٕالٖ بٕاسطتحى يٓبصًخٓب يشؼؼت 

كيهٕ 30،  10ػُذ صشػبث  انًحخٕيت ػهٗ انكيخٕصاٌ ٔانخٗ سبك حشؼيؼٓب

ػذو ًَٕ انبكخيشيب ػهٗ االلشاص ٔحكٌٕ يُطمت يُغ  اظٓشث انذساستصشاٖ 

 حضداد بضيبدة االشؼبع. انًُطمت  حٕل انؼيُت ْٔزِنهبكخيشيب 

حأريش اشؼت صبيب ػهٗ انخٕاص انخشكيبيت نخٕنيفبث بٕنيًشيت يخخهفت يٍ انُشب 

 كشبٕكسٗ ييزيم سيهيهٕصيغ انًهذٌ 

فٗ ْزا انضضء حى ححضيش حٕنيفبث ػهٗ ْيئت افالو ححخٕٖ ػهٗ َسب يخخهفت 

 كشبٕكسٗ ييزيم سيهيهٕصيغ ٌ ذانًه يٍ انُشب

كشبٕكسٗ ييزيم  ٌ/ذ%( ، انُشب انًه100ٌ )ذْٗ انُشب انًهٔكبَج االفالو 

 .%(75/25%(، )80/20%(،)90/10) %(،5 /95) سيهيهٕص

حى دساست حأريش االشؼبع ػهٗ خبطيت االَخفبش نخٕنيفبث يخخهفت يٍ انُشب  -1

ٔأظٓشث انُخبئش اٌ َسبت االَخفبش حضداد  كشبٕكسٗ ييزيم سيهيهٕص انًهذٌ/

ًش ٔحمم بضيبدة االشؼبع ْٔزا يشصغ انٗ حذٔد حشببك بضيبدة َسبت انبٕني

 ػشضٗ نٓزِ انخٕنيفبث
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كشبٕكسٗ  ٌ يغذدساست انزببث انحشاسٖ نخٕنيفبث يخخهفت يٍ انُشب انًهحى  -2

ٔرنك بًؼهٕييت انفمذ فٗ انٕصٌ ػُذ دسصبث حشاسة يخخهفت لبم  ييزيم سيهيهٕص

مشاس انحشاسٖ ػُذ دسصبث االسخٔبؼذ انخشؼيغ بأشؼت صبيب ٔأظٓشث انُخبئش اٌ 

400-100حشاسة يٍ 
o

و بخكٌٕ الم يٍ أ يسبٔيت حمشيبب ألفالو انُشب انًهذٌ 

 400فمظ ٔنكٍ ػُذ دسصبث حشاسة اػهٗ يٍ 
o

و ٔصذ اٌ االسخمشاس انحشاسٖ 

/كشبٕكسٗ ييزيم سيهيهٕص بيضداد ػٍ افالو انُشب انًهذٌ نخٕنيفبث انُشب انًهذٌ

  ػبث يؤكسذة يُفشدِ ٔرنك بسبب حكٌٕ يضًٕ

دسصبث انحشاسة انؼظًٗ نميًت يؼذل حفبػم انخكسيش انحشاسٖ  حى دساست -3

كشبٕكسٗ ييزيم سيهيهٕص لبم ٔبؼذ  نهخٕنيفبث انًخخهفت يٍ انُشب انًهذٌ يغ

انخشؼيغ بأشؼت صبيب ٔاظٓشث انُخبئش اٌ دسصبث انحشاسة انؼظًٗ نميًت يؼذل 

نهؼيُبث انغيش االسخمشاس انحشاسٖ  سحمشيبب نٓب َف ًشؼؼتان نهخٕنيفبثانخفبػم 

 يشؼؼت.

حى دساست حأريش انخشؼيغ انضبيٗ ػهٗ اطٕاس انخحٕل انضصبصٗ نخٕنيفبث  -4

ٔأظٓشث انُخبئش ظٕٓس كشبٕكسٗ ييزيم سيهيهٕص يخخهفّ يٍ انُشب انًهذٌ يغ 

دسصت حشاسة ححٕل صصبصٗ ٔاحذة سٕاء لبم أ بؼذ انخشؼيغ بأشؼت صبيب ْٔزا 

 هيت ايخضاس صضئٗ نهخٕنيفبث.يؤكذ حذٔد ػً

دساست حأريش انخشؼيغ انضبيٗ ػهٗ انخٕاص انًيكبَيكيت نخٕنيفبث انُشب حى  -5

ٔأظٓشث انُخبئش اٌ لٕة انشذ حضداد بضيبدة كشبٕكسٗ ييزيم سيهيهٕص  انًهذٌ/

بسبب حذٔد صيبدة ٔايضب االسخطبنت حضداد بضيبدة االشؼبع ٔرنك  الشؼبعا

 ئبث نُسبت انًهذٌ بيٍ انضضي



                                                                                                                   .                                                                          انًهخض انؼشبٗ

 

أظٓشث َخبئش انفحض انًيكشٔسكٕبٗ االنكخشَٔٗ انًبسح اٌ انخشكيب  -6

 انًٕسفٕنٕصٗ نسطح افالو انُشب يخخهف ػٍ سطح حٕنيفبث انُشب يغ

. حيذ اظٓشث انظٕس انفٕحٕغشافيت انذليمت اٌ سطح كشبٕكسٗ ييزيم سيهيهٕص

يت ٔاَّ انُشب يحخٕٖ ػهٗ انحبيببث انًًيضة ٔاٌ سطح انبٕنيًش يخًيض ببنُؼٕ

 يٕصذ اخخالف فٗ انُسيش بيٍ انُشب ٔ انبٕنيًش.

 اسخخذاو انخٕنيفبث انبٕنيًشيت كًٕاد يضبدة نهبكخيشيب. -7

ٌ/كشبٕكسٗ ييزيم ذانُشب انًه حى ػًم حٕنيفبث بٕنيًشيت يٍ

ٔحًج انذساست كًب سبك ٔايضب  %(80/20/5سيهيهٕص/انكيخٕصاٌ بُسبت )

حضداد حٕل انؼيُت ْٔزِ انًُطمت خيشيب نهبكحكٌٕ يُطمت يُغ اظٓشث انذساست 

 .  بضيبدة االشؼبع

   

 



                                  .                                                                                                                                                                                    المستخلص

 

 المستخلص

 

وبوليمر كحول  دنتناولت هذه الدراسه تحضير خلطات بنسب مختلفه من النشا المل

الكربوكسى ميثيل سيليلوز وتم تحضير هذه المخاليط بطريقة مع  دنالنشا الملوالفينيل 

 الصب فى شكل افالم رقيقه.

 ندنشا الملالو ن وبوليمر كحول الفينيلدتم تعريض هذه المخاليط المكونه من النشا المل

 الكربوكسى ميثيل سيليلوز لجرعات مختلفه من اشعة جاما.مع 

تم دراسة تأثير اشعة جاما على الخواص الحرارية والميكانيكية وكذلك الخواص 

 .المورفولوجى المعتمده على التركيب

تم عمل تطبيق فى مجال حفظ األغذية وذلك عن طريق تغطية فاكهة المانجو بمحلول 

ن فى وجود الكيتوزان كماده دبوليمر كحول الفينيل مع النشا المل من مخلوط مشعع بأشعة جاما

 مضاده للبكتريا لتكوين فيلم رقيق على المانجو.

لطبيعية لتزيد من كفاءة المخاليط النتائج اظهرت ان التشعيع بأشعة جاما حسن معظم الخواص ا

 األغذية. فى مجال حفظ



 جبيعخ عيٍ شًس

 كهيخ انجنبد نألداة وانعهوو وانتشثيخ

 

 تطويش يواد تغهيف اغزيخ صبنحو نألكم انًعتًذه عهي يخبنيط

 انجونيًشاد انطجيعيو ثواسطخ األشعو انًؤينو

 

 

 يقذيو اني

 جبيعخ عيٍ شًس-كهيخ انجنبد

 نهحصول عهي دسجخ دكتوساه انفهسفخ

 في انكيًيبء

 

 

 يقذيو يٍ

 حسيٍ انشحبد عهي

 (2002)يبجستيش كيًيبء 

 

 

 انًشكض انقويي نجحوث وتكنونوجيب االشعبع

 ىيئخ انطبقخ انزسيخ

 

(2010) 

 

 

 

 



 

 بيعخ عيٍ شًسج

 كهيخ انجنبد نألداة وانعهوو وانتشثيخ

 

 اسى انطبنت      : حسيٍ انشحبد عهي

نيًشاد عنواٌ انشسبنخ : تطويش يواد تغهيف اغزيخ صبنحو نألكم انًعتًذه عهي يخبنيط انجو

 انطجيعيو ثواسطخ األشعو انًؤينو

 

 انذسجخ انعهًيخ : دكتوساه انفهسفخ في انعهوو )انكيًيبء(.

 

 نجنخ األششاف : 

 أ.د./ اثو انخيش ثيويي يصطفي .1

 جبيعخ عيٍ شًس-استبر انكيًيبء انطجيعيو ثكهيخ انجنبد      

 أ.د./ عجذ انوىبة يحًذ خهيم اننجبس .2

 انًشكض انقويي نجحوث وتكنونوجيب األشعبع استبر كيًيبء األشعبع      

 .و.د./ يجذى يحًذ حسٍ سنوأ .3

 استبر يسبعذ كيًيبء األشعبع انًشكض انقويي نجحوث وتكنونوجيب األشعبع       

 

  2010تبسيخ انجحج :            /

  

 انذساسبد انعهيب

أجيضد انشسبنو ثتبسيخ   /   /                              ختى االجبصه                            

2010 

 يوافقخ يجهس انكهيو                                                يوافقخ يجهس انجبيعخ

        /   /2010                                                                  /   /2010 

 

 



 

 

 شمسجامعة عين 

 كلية البنات لألداب والعلوم والتربية

 

 اسم الطالب      : حسين الشحات على

 عنوان الرسالة : تطوير مواد تغليف اغذية صالحه لألكل المعتمده على

 بواسطة األشعه المؤينه البوليمرات الطبيعيهمخاليط                     

 

 يمياء(.الدرجة العلمية : دكتوراه الفلسفة فى العلوم )الك

 القسم التابع له : الكيمياء

 اسم الكلية      : كلية البنات

 اسم الجامعة   : عين شمس

 3995سنة التخرج   : 

  4232سنة المنح     : 

 

 

 

 

 

 

 



 

 جبيعخ عيٍ شًس

 كهيخ انجنبد نألداة وانعهوو وانتشثيخ

 

 شكش

 

 

 اشكش انسبدح األسبتزح انزيٍ قبيوا ثبألششاف وىى:

 انخيش ثيويي يصطفيأ.د./ اثو  -1

 أ.د./ عجذ انوىبة يحًذ خهيم اننجبس -2

 .و.د./ يجذى يحًذ حسٍ سنوأ -3

 

 

 

 

 

 


