
Vice Presidency of Research and Technology, Gorgan University of Agricultural Sciences and Natural Resources 
(GUASNR). This material may be reprinted provided that the article and the author(s) are acknowledged.   
 

 

 

 

 

 

 

Highlights 

- The results showed that the highest tensile strength was seen in the film with pH 5. 

The highest elasticity was seen at pH 7. Solubility and swelling of films produced at  

pH 5 had the lowest rates which suggesting it was better resistance to water as 

compared with other films. 

- The results of infrared spectroscopy confirmed that the more content of the triple helix 

in film production at acidic pH moderately (5) improved its mechanical as properties as 

compared with the other films. 
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Importance 
 

Petroleum based plastic materials have been widely used since the middle of the 

twenties century. However they caused a serious environmental problem since they 

are not easily degraded in the environment after use. The interest in developing 

protein films as edible/biodegradable packaging materials has increased in recent 

years, because they are environmentally friendly alternatives to synthetic films. With 

the spreading of mad cow disease and foot-and–mouth disease in the world, edible 

films prepared from fish gelatin have received increasing attention. But the properties 

of edible films based on the gelatin extracted from fish scales have rarely been 

investigated. Fish scales are biocomposites of hierarchically ordered structure of 

mineralized collagen fibers, which are stiff and not easy to swell like the bone. It is 

well-known that electrostatic repulsion between protein molecules occurs at pH 

values outside of the isoelectric point and the pH alteration could be also used as an 

alternative method to improve gel-forming ability of gelatin. Moreover, several 

studies revealed that the physical properties of protein based films were highly 

influenced by pH of film-forming solution. Therefore, in this study firstly, gelatin 

was extracted from Common carp scales at different pH. Secondly, the effect of pH 

extraction on the physical and mechanical properties of resulting films was 

investigated.  

Introduction (Hypothesis and aims) 

Properties of edible films based on the gelatin extracted from fish scales have 

rarely been investigated. A large amount of fish scales is discarded during processing 

of common carp fillet in Iran and has potential to be an important source of gelatin. It 

is well-known that electrostatic repulsion between protein molecules occurs at pH 

values outside of the isoelectric point and the pH alteration could be also used as an 

alternative method to improve gel-forming ability of gelatin. Therefore, in this study 

firstly, gelatin was extracted from Common carp scales at different pH. Secondly, the 

effect of pH extractions on the physical and mechanical properties of resulting films 

was investigated. 
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Other Information (including tables and figures) 

Different film-forming properties were found in the gelatin extracted from 

Common carp scales at pH 3, 5, 7 and 9. More interestingly, the stronger films were 

prepared from the gelatin extracted from Common carp scales at pH 5, but the pH of 

extracted gelatin did not brought about a dramatic effect on color and transparency 

properties of films. Based on the FTIR, it was found that film-forming properties of 

Common carp scale gelatin were mainly related to its α-helix structures, indicating 

that the protection of triple helical structure in the gelatin extraction process is 

essential to obtain superior mechanical properties of films.  

 

Table 3.1. Mechanical properties of edible films based on Common carp scale gelatin extracted at 

different pH.  

 

Thickness (mm) Elongation at break (%) Tensile strength (MPa) Extraction pH 

0.121±0.008b 73.15±4.03c 19.51±0.14c 3 

0.122±0.002b 87.58±6.32b 30.01±0.71a 5 

0.088±0.003c 104.68±1.74a 26.02±1.68b 7 

0.136±0.007a 57.32±1.144d 14.74±0.86d 9 

Any two means in the same column followed by the same letter are not significantly different (P>0.05). 

Data are expressed as mean ± standard deviation.  

 
Table 3.2. Physical properties of edible films based on Common carp scale gelatin extracted at 

different pH.  

 

Water vapor permeability 

(10-10 g/ms Pa) 

Thickness 

(mm) 

Water gain 

(%) 

Solubility 

(%) 

Moisture 

(%) 

Extraction 

pH 

2.85±0.19c 0.086±0.005b 248.92±2.03a 48.21±0.55c 6.59±0.14b 3 

3.54±0.08a 0.102±0.004a 207.71±0.90b 48.28±1.10c 8.82±0.14ab 5 

2.53±0.06d 0.076±0.005c 249.15±2.04a 53.13±1.33b 8.81±0.14ab 7 

3.20±0.06b 0.095±0.002ab 213.89±1.13b 57.95±1.89a 10.62±0.14a 9 

Any two means in the same column followed by the same letter are not significantly different (P>0.05). 

Data are expressed as mean ± standard deviation.   
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Other Information (including tables and figures) 

 

Table 3.3. Color of edible films based on Common carp scale gelatin extracted at different pH.  
 

ΔE b* a* L* Extraction pH 

5.52±0.34b 2.70±0.34c 2.60±0.04a 90.90±0.65a 3 

6.03±0.39ab 3.52±0.55b 2.48±0.10a 90.55±0.23a 5 

6.72±0.67a 4.09±0.46ab 2.50±0.05a 90.01±1.07a 7 

6.73±0.06a 4.35±0.11a 2.57±0.00a 90.20±0.20a 9 

Any two means in the same column followed by the same letter are not significantly different (P>0.05). 

Data are expressed as mean ± standard deviation. 

 

 

Table 3.4. Light transmission and Opacity of edible films based on Common carp scale gelatin 

extracted at different pH. 
 

Opacity Wavelength (nm) 
Extraction pH 

800 700 600 500 400 300 280 200 

1.45±0.82a 88.45 86.35 86.15 85.55 85.15 76.15 34.83 0.50 3 

0.93±0.05a 86.03 86.90 86.26 87.06 85.05 70.6 34.56 0.53 5 

1.17±0.01a 84.90 87.05 85.60 85.25 82.50 66.8 35.66 0.56 7 

0.76±0.21a 86.55 86.35 87.75 85.30 81.05 74.21 34.37 0.55 9 

Any two means in the same column followed by the same letter are not significantly different (P>0.05). 

Data are expressed as mean ± standard deviation.   

 

 

 
 

Figure 3.1. FTIR spectra of edible films based on Common carp scale gelatin extracted at different pH.  

 


