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ABSTRACT 

 

Films are preformed structures, independent, that are used to wrap food after processing, increasing their shelf 

life and enhancing its bright and attractive appearance. They are prepared from biological materials as an 

alternative to the plastic synthetic containers to improve the quality of the environment. Chitosan is a 

biodegradable polymer composed of -(1-4) linked D-glucosamine (deacetylated unit) and N-acetyl-D- 

glucosamine (acetylated unit). It is produced commercially by deacetylation of chitin, which is a structural 

component of the exoskeleton of crustaceans. She is able to form films and  edible  and/or  biodegradable 

coatings. With the objective to evaluate the effect of different doses of gamma radiation (0, 5, 10 and 15 kGy) 

and chitosan concentrations (1 and 2%) in film properties, it was evaluated its optical, mechanical and 

morphological properties. The films were produced by casting. Irradiation did not affect the thickness of the 

films, but influenced its colors, increasing the tone of the film for a stronger yellowish color. This fact can be 

attributed to the increased concentration of C = O bonds of chitosan due to the breakdown of the chain reaction 

and the Maillard reaction. Irradiated films showed smoother surface and less rough, due to the degradation of  

the chitosan molecule and poor mechanical properties, not showing good flexibility and stretching. 

 

 

1. INTRODUCTION 

 
Biodegradable films from renewable sources as an alternative to synthetic plastic packaging  

is increasingly studied with the aim of improving the quality of the environment. The most 

widely used biological macromolecules for this purpose are proteins and polysaccharides, 

polymers capable of forming continuous matrices and which, through various production 

techniques, can be transformed into edible and/or biodegradable films and coatings 

(THANATHAN, 2003, PELISSARI et al., 2012). 

mailto:lumilopes@hotmail.com
mailto:drilavras@yahoo.com.br
mailto:arthur@cena.usp.br


INAC 2017, Belo Horizonte, MG, Brazil.  

Packaging production requires materials that are resistant to rupture and abrasion to protect 

the packaged product, while maintaining its flexibility to adapt to eventual deformations of 

the product (PELISSARI et al., 2012). The most important functional properties of the plastic 

films are the optical, mechanical and barrier properties (TANADA-PALMU and GROSSO, 

2003). 

 

Because chitosan easily forms films and membranes in dilute acid solutions, it is a widely 

used polysaccharide in the formation of a transparent semipermeable film, which can be used 

as a protective wrapping of fresh foods to increase shelf life (ARANCIBIA et al., 2014). 

Moreover, it is an attractive for the food industry because it is composed of nondigestible 

fibers, therefore has no caloric value, and because of its biocompatibility, biodegradability 

and it is derived from abundant and cheap biomass (SZYMANSKA and WINNICKA, 2015). 

 

Gamma irradiation is a physical method that, when applied to chitosan, has the purpose of 

altering its characteristics and improving the properties of the films. In order to improve the 

mechanical and barrier properties of the materials, it is necessary to cross the  

macromolecules in order to improve the mechanical properties of the macromolecules 

(Chanta et al., 2006). 

 

The objective of this study was to evaluate the effect of irradiation on the optical,  

microscopic and mechanical properties of chitosan based films. 
 

2. MATERIALS AND METHODS 

 

2.1. Materials 

 

The chitosan powder, medium molecular weight and degree of deacetylation of 85% was 

purchased from Polymar, located in Fortaleza (CE). 
 

2.2. Methods 

 

2.2.1. Irradiation Of Chitosan 

 

The chitosan powder was divided into four equal-weight portions and packed in polyethylene 

bags. They were submitted to doses of 0 (control); 5, 10 and 15 kGy using the commercial 

irradiator with 60Co source with irradiation rate of 0.6 kGy / hour. 

 

2.2.2. Chitosan Solution 

 

Chitosan film-forming solutions were prepared with concentrations of 1% and 2%. 5g and  

10g of chitosan, respectively, were added in 25 mL of glacial acetic acid and the remainder of 
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distilled water to complete 500 mL to dissolve the chitosan. The solution was constantly 

stirred in the Turrax until complete dissolution. 
 

2.2.3. Elaboration Of Chitosan Films 

 

The films were produced by the casting method according to Garcia et al. (2015), with 

adaptations since they were dried at room temperature. Filmogenic solutions were prepared  

as described in item 2.2.2., and 15mL of solution of each treatment was poured into 9cm 

diameter polyethylene petri dishes. The plates were placed on a flat surface, allowing to dry 

for two days or until the biofilm was completely formed. The films were removed from the 

petri dishes, identified and stored in desiccator with silica gel. 

 

2.2.4. Characterization Of Films 

 

2.2.4.1. Thickness 

 

A digital micrometer determined the thickness. The thickness was calculated by the  

arithmetic mean of three random measurements in different segments of the film. 

 

2.2.4.2. Color 

 

The CIE system was used to calculate the parameters: brightness (L *), from black (0) to 

white (100); A * (intensity of color green to red) and b * (intensity of color yellow to blue). 

The color parameters were determined using the equipment software. In each sample, five 

readings were performed. 

 

We also calculated the chroma index (C *), considered quantitative color attribute   (Equation 

1) and hue (h *), considered the qualitative attribute of color (Equation 2). 
 
 
 

(1) 

(2) 
 

The opacity of the films was determined according to the HunterLab method (1997) using the 

same color determination equipment (operating in the mode of transmittance), after 

calibration with a standard white background and a black standard background (Equation 3). 
 

 

 

 

(3) 
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Where: Tblack = transmittance of the film superimposed on a black background; Twhite = 
transmittance of the film superimposed on a white background. 

 

2.2.4.3. Scanning electron microscopy (SEM) 

 

The samples to be analyzed were mounted on aluminum support or stubs with double-sided 

adhesive tape, and then placed in a metallising chamber (SCO-040 Mark Balzers) to be 

coated with a gold foil. Scanning electron microscopy was performed using the electron 

microscope (JEOL - JSM 6610, Japan), using a voltage accelerator of 2.5 kV. 

 

2.2.4.4. Mechanical Properties 

 

The films tensile strength (TS) and elongation at break (E) were performed with the 

texturometer (Stable Micro System - Surrey, TA.XT. plus Texture Analyzer, England), 

operating according to the ASTM D 882 method -91 (ASTM, 1995). The sample sizes of the 

films were 6.0 x 1.0 cm, and the thickness was determined as described in Item 2.2.4.1. Two 

corrugated claws 6.0 cm apart and one of they moved at a speed of 0.21 mm/s fixed the films. 

The rupture stress of the film was calculated by dividing the maximum breaking force by the 

cross-sectional area (Equation 4): 

 

 

(4) 

 
Where: TS is the tensile strength (MPa), Fm is the maximum breaking force (N) and As is the 

initial cross-sectional area of the sample (m
2
). 

 
Dividing the elongation by the initial size of the film and multiplying by 100 calculated the 

percent elongation at break. 

 

3. RESULTS AND DISCUSSION 

 

3.1. Thickness 

 

The thickness values of the chitosan films at the different doses of gamma radiation are 

presented in (Table 1). Different formulations of the films showed significant differences 

between the values of thickness, indicating that the incorporation of chitosan in larger 

concentrations tended generally to cause an increase in film thickness. The films with a 

concentration of 2% of chitosan presented twice the value of the thickness of the films of 1%, 

indicating that the thickness acted in a proportional way to the concentration of the chitosan 

powder. 
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Table 1. Thickness (mm) of biodegradable films based on irradiated chitosan 
 

 
Concentration (%) 

Dose (kGy) 

0 5 10 15 

1 0,07
a*B**

±0,003 0,049
bB

±0,002 0,059
abB

±0,002 0,067
aB

±0,012 

2 0,139
aA

±0,010 0,104
bA

±0,027 0,105
bB

±0,008 0,124
aA

±0,003 

*Different lowercase letters indicate significant difference (p <0.05) between columns 

(doses). 

**Different upper case letters indicate significant difference (p <0.05) between the lines 

(concentration). 

 

Irradiation did not show a clear influence on the results. At the 5 and 10 kGy doses, the films 

were thinner and in the dose of 15 kGy, thicker, values closer to those of the film without 

irradiation. Garcia et al. (2015) showed thickness values varying from 0.067 to 0.077 mm for 

chitosan films at 1.5 and 2% concentration, at 1% lactic acid, at radiation doses of 0, 5, 10, 20 

and 50 kGy . They attributed this variation due to the difference in moisture content between 

the films, which has a high affinity for the water to be protonated, making them more 

hydrophilic than the chitosan powder (FERNÁNDEZ, 2004). 

 

3.2. Color And Opacity 

 

Color is an important property in the film's appearance. The color measurement of the films 

(Table 2) reflects the influence of the chitosan concentration and the applied dose of radiation 

on the chromatic coordinates of these films. 

 

A decrease in brightness was observed with increased chitosan concentration and radiation 

dose. At the 1% concentration, the significant difference was present at the dose of 5 kGy, at 

2%, the lowest values were at doses 10 and 15 kGy. Garcia et al. (2015) presented lower 

values of L* in the dose of 50 kGy, with values of 78 and 71 in the concentrations of 1,5 and 

2% of chitosan. Rhim et al. (2006) incorporated nanoparticles at concentrations of 5% of 

chitosan, obtaining films with L* values between 66.8 and 85.8. 

 

The obtained films showed values of b* with significant difference between the doses of 

radiation and the concentrations 1 and 2% of chitosan. The films without irradiation and  

lower concentration had lower values of b*, while higher doses and concentrations had   

higher values, but both less yellowed than those reported by Garcia et al. (2015). Park et al. 

(2002) reported values of 15.43 for b* in films of 2% of chitosan. These variations are 

influenced by the thickness of the film and also by the method of obtaining chitosan 

(CASARIEGO, 2009). 

 

The increase in radiation dose increased the yellowish tone of the film. The values of C* 

show a behavior similar to that described by b*, and the higher the chroma values, the greater 
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the color intensity of the samples (GRANATO and MASSON 2010). Irradiation affected the 

value of C*, bringing the intensity of the yellow color from weaker to stronger. According to 

Garcia et al. (2015), the films containing in their formulation a higher concentration of 

chitosan present a more intense yellowish color, also verified in our work, which can  

interfere in the sensorial of the product when used for food packaging. 

 

Table 2. Effect of gamma radiation on the color of biodegradable chitosan films 
 

 

Parameter 

Solution 

concentration 

(%) 

Dose (KGy) 

0 5 10 15 

L* 1 89,22
a*A**

±0,32 87,98
bA

±0,45 88,87
aA

±0,1 89,02
aA

±0,28 

2 86,93
aB

±0,17 86,54
aB

±0,1 85,45
aB

±0,54 86,02
aB

±0,2 

 
a* 

1 0,03
aA

±0,01 -0,03
bA

±0,02 -0,13
cA

±0,01 -0,12
cA

±0,04 

2 -0,5
bB

±0,02 -0,58
bB

±0,01 -0,57
bB

±0,03 -0,32
aB

±0,02 

 
b* 

1 3,71
bB

±0,12 4,85
aB

±0,89 4,47
aB

±0,9 4,25
aB

±0,5 

2 10,26
bA

±0,4 10,17
bA

±0,5 11,66
aA

±0,4 11,61
aA

±0,5 

 
C* 

1 3,71
bB

±0,11 4,85
aB

±0,89 4,47
aB

±0,91 4,25
aB

±0,50 

2 10,27
bA

±0,44 10,18
bA

±0,54 11,67
aA

±0,49 11,61
aA

±0,49 

h* 
1 89,54

aA
±0,31 89,64

aA
±0,39 88,33

aA
±0,1 88,38

aA
±0,27 

2 87,21
bB

±0,19 86,73
bB

±0,15 87,2
bA

±0,55 88,42
aA

±0,23 

*Different lowercase letters indicate significant difference (p <0.05) between columns 

(doses). 

**Different upper case letters indicate significant difference (p <0.05) between the lines 

(concentration). 
 

The change in film color is related to the chemical and biological changes of the molecule. 
The resulting darkening of the chitosan can be attributed to the increase of C=O groups of 
chitosan due to the chain breakage reaction and also by the Maillard reaction between the  

NH
2 

and OH groups. Zainol et al. (2009) observed visible changes in the luminosity of the 

analyzed samples, with chitosan irradiated at 100 kGy being darker when compared to the 

others 50, 25 and 10 kGy doses. Garcial et al. (2015) observed a darkening in the films at 

doses between 10 and 50 kGy. 

 

The color itself, which is the hue given by chroma h*, reinforces once again that the color of 

the films is yellow. However, irradiation did not affect the tone of the sample at the 

concentration of 1%, showing no significant difference between doses. At a concentration of 

2%, there was a slight increase in tone at the dose of 15 kGy. 

 

The opacity of the film is a property of great importance when it is intended to be used as 

food packaging. In some cases, protection against incident light is required, especially for 

products that are sensitive to light-catalyzed degradation reactions (PELISSARI et al., 2012). 

In others, transparency is desirable so that consumers can see the product they are buying, 
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presenting a good visual presentation for the packaging. The values of opacity of 

the films are presented in table 3. 
 

Table 3. Opacity (%) of biodegradable films of irradiated chitosan 

 

 
Concentration (%) 

Dose (kGy) 

0 5 10 15 

1 46,78
a*B**

±1,86 47,32
aB

±1,41 46,28
aB

±1,53 48,03
aB

±1,22 

2 53,29
aA

±1,72 50,60
bA

±1,27 50,82
bA

±0,37 52,17
aA

±0,22 

*Different lowercase letters indicate significant difference (p <0.05) between 

columns (doses). 

**Different upper case letters indicate significant difference (p <0.05) 

between the lines (concentration). 

 
    The different concentrations of chitosan significantly influenced (p <0.05) the opacity        

of the films. The 2% chitosan films are more opaque than 1% films. However, the 

irradiation did  not present results with a well-defined trend, there was a small variation 

among the values, but no visual variation in the opacity of the films was detected in 

relation the translucent. 
 

 

3.3. Electronic Scan Microscopy 

 

The surface structure of the films plays an important role in understanding the properties of 

the films. The control sample and the one treated with 15 kGy of radiation were the most 

smooth and homogeneous, and the one that presented more irregularities and roughness 

was the one of 5 kGy of radiation, all of 1% of concentration of chitosan. Due to the low 

solubility of chitosan, difficulties were found for complete dissolution of the powder in the 

solution. This may have been a reason why the 5 kGy sample with 1% of chitosan 

presented more imperfections on its surface, due to the accumulation of material present in 

the analyzed film, associated with its thickness that was the lowest one presented among 

the films, 0.049 mm. In contrast, the film with 15 kGy was the thickest, 0.067 mm, 

presenting a smoother surface and with less imperfection. 
 

In general, the films with higher concentrations of chitosan presented a wavy surface with 

intense striations, since the quantity of granules tends to increase with the increase of the 

solution’s concentrations. Irradiation, by degrading the molecule with the break in the 

chitosan chain separating the glycosidic bonds 1-4, presented a less rough surface in the 

films; which is an indicator of good structural integrity and good mechanical properties. 

 

3.4. Mechanical properties 

 

Mechanical properties are important in identifying the film's ability to withstand stress 

during handling, transport and storage, and then to protect the integrity of the food. 
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The obtained values of tensile strength, TS, (Figure 1) are low, all close to 2 MPa. At a 

concentration of 1%, the dose of 5 kGy had a higher value, differing significantly from the 

others. The film with this dose, despite having a higher roughness, as seen in the SEM, is 

what supports a higher rupture tension. The same occurred with doses 5 and 10 kGy in the 

concentration of 2%, with results of 2,3MPa, while the film with 15 kGy presented similar 

behavior to the control film, 1.6MPa. However, the values are lower than those found by 

Garcia et al. (2015) with a tensile strength of 15 MPa at radiation doses of 5, 10 and 20 

kGy and Lim et al. (1998) with values of 61.9; 100.3; 101.8; 98 MPa at doses 0, 3.7, 11, 18 

kGy, respectively. 
 

The films of 2% presented higher values of TS. The increase of the chitosan concentration in 

the films causes an increase in the amount of hydrogen bonds and hydroxyl and amino 

groups. This tendency is similar to the work of Garcia et al. (2015) and Casariego et al. 

(2008), which evaluated films at 1, 1.5 and 2% concentration, 1% lactic acid and Tween 80. 
 

 
 

 

Figure 1: Tensile strength (MPa) of biodegradable films based on irradiated 
chitosan. 

*Different lowercase letters indicate significant difference (p <0.05) between columns 

(doses). 

**Different upper case letters indicate significant difference (p <0.05) between the lines 

(concentration). 
 

The elongation values, E, (Figure 2) were also low. In both concentrations there was no 

significant difference between the radiation doses, but these were different from the control 

films, which presented higher values (5%). Zainol et al. (2009) observed similar behavior, 

where the elongation of the films decreased with increasing radiation dose, analyzed at doses 

10, 25, 50 and 100 kGy. 
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Figure 2: Elongation (E) of biodegradable films based on irradiated chitosan. 
*Different lowercase letters indicate significant difference (p <0.05) between columns 

(doses). 

**Different upper case letters indicate significant difference (p <0.05) between the lines 

(concentration). 
 

There was no relation between the increase in TS and the decrease in E. 

 

4. CONCLUSIONS 

 

Chitosan represents a good alternative of raw material in the elaboration of biodegradable 

films. The higher concentration of chitosan in the filmogenic solution caused an increase in 

film thickness; however, the irradiation did not influence this parameter. The tonality of the 

films had an intense effect with higher radiation doses, turning the intensity of the yellowish 

color from weaker to stronger. The films with higher concentrations of chitosan presented a 

wavy surface with intense striations and the irradiated films presented a smoother and less 

rough surface due to the degradation of the chitosan molecule. The films did not show good 

flexibility and stretching. The radiation dose of 5 kGy caused the most changes in the 

chitosan molecule, positively influencing the properties of the formed biofilm. 
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