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                    Abstract
The food packaging industry has shown increasing attention toward biodegradable active packaging because of consumer demand for the extended shelf life of food products, as well as environmental concerns. In this study, the gelatin-based nanocomposite containing chitosan nanofiber (CHINF) and ZnO nanoparticles (ZnONPs) were fabricated and characterized by SEM analysis. The fabricated nanocomposite film revealed high antibacterial activity against foodborne pathogenic bacteria. To assess the efficiency of this bionanocomposite film for food packaging, chicken fillet and cheese was selected as food models. The results showed that the wrapping with nanocomposite film significantly (p < 0.05) decreased the growth of inoculation bacteria in chicken fillet and cheese samples. The changes in pH values and color parameters in chicken fillet and cheese samples were controlled by wrapping with nanocomposite film during storage time. At the end of 12-day storage, the weight loss of the wrapped chicken fillet and cheese samples with nanocomposite were 18.91 ± 1.96 and 36.11 ± 3.74%, respectively. In addition, the organoleptic characteristics of wrapped chicken fillet and cheese samples with nanocomposite film were acceptable until the end of storage. In conclusion, the fabricated nanocomposite can be suggested as a suitable packaging material for poultry meat and cheese to improve their shelf life and quality.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            Fig. 1[image: ]


Fig. 2[image: ]


Fig. 3[image: ]


Fig. 4[image: ]


Fig. 5[image: ]


Fig. 6[image: ]


Fig. 7[image: ]


Fig. 8[image: ]


Fig. 9[image: ]



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Evaluation of the effects of additives on the properties of starch-based bioplastic film
                                        
                                    

                                    
                                        Article
                                         Open access
                                         04 March 2021
                                    

                                

                                Olugbenga O. Oluwasina, Bolaji P. Akinyele, … Nelcy D. S. Mohallem

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Chitosan nanoparticles preparation and applications
                                        
                                    

                                    
                                        Article
                                        
                                         31 October 2017
                                    

                                

                                K. Divya & M. S. Jisha

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Application of Biodegradable Polymers in Food Packaging Industry: A Comprehensive Review
                                        
                                    

                                    
                                        Article
                                        
                                         29 November 2018
                                    

                                

                                S. Mangaraj, Ajay Yadav, … Naveen K. Mahanti

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Alizadeh Sani, M., Ehsani, A., & Hashemi, M. (2017). Whey protein isolate/cellulose nanofibre/TiO2 nanoparticle/rosemary essential oil nanocomposite film: its effect on microbial and sensory quality of lamb meat and growth of common foodborne pathogenic bacteria during refrigeration. International Journal of Food Microbiology, 251, 8–14.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Alizadeh, A., Oskuyi, A. S., & Amjadi, S. (2018). The optimization of prebiotic sucrose-free mango nectar by response surface methodology: the effect of stevia and inulin on physicochemical and rheological properties. Food Science and Technology International, 25(3), 243–251.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Almasi, H., Jafarzadeh, P., & Mehryar, L. (2018). Fabrication of novel nanohybrids by impregnation of CuO nanoparticles into bacterial cellulose and chitosan nanofibers: characterization, antimicrobial and release properties. Carbohydrate Polymers, 186, 273–281.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Amato, L., Ritschard, J. S., Sprecher, I., Lacroix, C., Schuppler, M., & Meile, L. (2015). Effect of packaging materials, environmental factors and rRNA transcriptional activity of surface microflora on red-smear cheese defect development. International Dairy Journal, 41, 50–57.
Article 
    CAS 
    
                    Google Scholar 
                

	Amjadi, S., Ghorbani, M., Hamishehkar, H., & Roufegarinejad, L. (2018). Improvement in the stability of betanin by liposomal nanocarriers: its application in gummy candy as a food model. Food Chemistry, 256, 156–162.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Amjadi, S., Hamishehkar, H., & Ghorbani, M. (2019a). A novel smart PEGylated gelatin nanoparticle for co-delivery of doxorubicin and betanin: a strategy for enhancing the therapeutic efficacy of chemotherapy. Materials Science and Engineering C, 97(June 2018), 833–841.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Amjadi, S., Emaminia, S., Davudian, S. H., Pourmohammad, S., Hamishehkar, H., & Roufegarinejad, L. (2019b). Preparation and characterization of gelatin-based nanocomposite containing chitosan nanofiber and ZnO nanoparticles. Carbohydrate Polymers, 216, 376–384.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Amna, T., Hassan, M. S., Yousef, A., Mishra, A., Barakat, N., Khil, M.-S., & Kim, H. Y. (2013). Inactivation of foodborne pathogens by NiO/TiO 2 composite nanofibers : a novel biomaterial system. Food and Bioprocess Technology, 6(4), 988–996.
Article 
    CAS 
    
                    Google Scholar 
                

	Arfat, Y. A., Benjakul, S., Prodpran, T., Sumpavapol, P., & Songtipya, P. (2015). Physico-mechanical characterization and antimicrobial properties of fish protein isolate/fish skin gelatin-zinc oxide (ZnO) nanocomposite films. Food and Bioprocess Technology, 9, 101–112.
Article 
    CAS 
    
                    Google Scholar 
                

	Arkoun, M., Daigle, F., Holley, R. A., Heuzey, M. C., & Ajji, A. (2018). Chitosan-based nanofibers as bioactive meat packaging materials. Packaging Technology and Science, 31(4), 185–195.
Article 
    CAS 
    
                    Google Scholar 
                

	Azlin-Hasim, S., Cruz-romero, M. C., Morris, M. A., Cummins, E., & Kerry, J. P. (2015). Effects of a combination of antimicrobial silver low density polyethylene nanocomposite films and modified atmosphere packaging on the shelf life of chicken breast fillets. Food Packaging and Shelf Life, 1–10.

	Azlin-hasim, S., Cruz-romero, M. C., Morris, M. A., Padmanabhan, S. C., Cummins, E., & Kerry, J. P. (2016). The potential application of antimicrobial silver polyvinyl chloride nanocomposite films to extend the shelf-life of chicken breast fillets. Food and Bioprocess Technology, 9(10), 1661–1673.
Article 
    CAS 
    
                    Google Scholar 
                

	Clarke, D., Molinaro, S., Tyuftin, A., Bolton, D., Fanning, S., & Joe, P. (2016). Incorporation of commercially-derived antimicrobials into gelatin-based films and assessment of their antimicrobial activity and impact on physical film properties. Food Control, 64, 202–211.
Article 
    CAS 
    
                    Google Scholar 
                

	Cortez-Vega, W. R., Pizato, S., & Prentice, C. (2012). Quality of raw chicken breast stored at 5C and packaged under different modified atmospheres. Journal of Food Safety, 32(3), 360–368.
Article 
    CAS 
    
                    Google Scholar 
                

	Crizel, T. D. M., Rios, A. D. O., Alves, V. D., Bandarra, N., Moldão-Martins, M., & Flôres, S. H. (2018). Biodegradable films based on gelatin and papaya peel microparticles with antioxidant properties. Food and Bioprocess Technology, 11(3), 536–550.
Article 
    CAS 
    
                    Google Scholar 
                

	Cui, H., Wu, J., Li, C., & Lin, L. (2017). LWT—food science and technology improving anti-listeria activity of cheese packaging via nanofiber containing nisin-loaded nanoparticles. LWT - Food Science and Technology, 81, 233–242.
Article 
    CAS 
    
                    Google Scholar 
                

	Enrione, J. I., Sáez, C., López, D., Skurtys, O., Acevedo, C., Osorio, F., & Hill, S. (2012). Structural relaxation of salmon gelatin films in the glassy state. Food and Bioprocess Technology, 5(6), 2446–2453.
Article 
    CAS 
    
                    Google Scholar 
                

	Espitia, P., Soares, N., Coimbra, J., Andrade, N., Cruz, R., & Medeiros, E. (2012). Zinc oxide nanoparticles: synthesis, antimicrobial activity and food packaging applications. Food and Bioprocess Technology, 5(5), 1447–1464.
Article 
    CAS 
    
                    Google Scholar 
                

	Farshchi, E., Pirsa, S., Roufegarinejad, L., Alizadeh, M., & Rezazad, M. (2019). Photocatalytic/biodegradable film based on carboxymethyl cellulose, modified by gelatin and TiO2-Ag nanoparticles. Carbohydrate Polymers, 216, 189–196.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Feng, X., Ng, V. K., Mik, M., & Yang, H. (2016). Effects of fish gelatin and tea polyphenol coating on the spoilage and degradation of myofibril in fish fillet during cold storage. Food and Bioprocess Technology, 10, 89–102.
Article 
    CAS 
    
                    Google Scholar 
                

	Ghollasi-Mood, F., Mohsenzadeh, M., Housaindokht, M. R., & Varidi, M. (2017). Microbial and chemical spoilage of chicken meat during storage at isothermal and fluctuation temperature under aerobic conditions. Iranian Journal of Veterinary Science and Technology, 8(1), 38–46.

                    Google Scholar 
                

	Giteru, S. G., Oey, I., Ali, M. A., Johnson, S. K., & Fang, Z. (2017). Effect of kafirin-based films incorporating citral and quercetin on storage of fresh chicken fillets. Food Control, 80, 37–44.
Article 
    CAS 
    
                    Google Scholar 
                

	Gomes, V., Souza, L., Pires, J. R. A., Torrico, É., Coelhoso, I. M., Paula, M., & Luisa, A. (2019). Activity of chitosan-montmorillonite bionanocomposites incorporated with rosemary essential oil: from in vitro assays to application in fresh poultry meat. Food Hydrocolloids, 89(2018), 241–252.

                    Google Scholar 
                

	Jahed, E., Khaledabad, M. A., Almasi, H., & Hasanzadeh, R. (2017). Physicochemical properties of Carum copticum essential oil loaded chitosan films containing organic nanoreinforcements. Carbohydrate Polymers, 164, 325–338.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Konuk Takma, D., & Korel, F. (2018). Active packaging films as a carrier of black cumin essential oil: development and effect on quality and shelf-life of chicken breast meat. Food Packaging and Shelf Life, (September), 0–1.

	Medeiros, B. G. D. S., Souza, M. P., & Carneiro-da-cunha, M. G. (2014). Physical characterisation of an alginate/lysozyme nano-laminate coating and its evaluation on “Coalho” cheese shelf life. Food and Bioprocess Technology, 7(4), 1088–1098.
Article 
    CAS 
    
                    Google Scholar 
                

	Melo, A. A. M. D., Geraldine, R. M., Silveira, M. F. A., Torres, M. C. L., Fernandes, T. H., & Oliveira, A. N. D. (2012). Microbiological quality and other characteristics of refrigerated chicken meat in contact with cellulose acetate-based film incorporated with rosemary essential oil. Brazilian Journal of Microbiology, 43(4), 1419–1427.
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Meng, X., Zhang, M., & Adhikari, B. (2014). The effects of ultrasound treatment and nano-zinc oxide coating on the physiological activities of fresh-cut kiwifruit. Food and Bioprocess Technology, 7(1), 126–132.
Article 
    CAS 
    
                    Google Scholar 
                

	Muppalla, S. R., Kanatt, S. R., Chawla, S. P., & Sharma, A. (2014). Carboxymethyl cellulose–polyvinyl alcohol films with clove oil for active packaging of ground chicken meat. Food Packaging and Shelf Life, 2(2), 51–58.
Article 
    
                    Google Scholar 
                

	Noori, S., Zeynali, F., & Almasi, H. (2018). Antimicrobial and antioxidant efficiency of nanoemulsion-based edible coating containing ginger (Zingiber officinale) essential oil and its effect on safety and quality attributes of chicken breast fillets. Food Control, 84, 312–320.
Article 
    CAS 
    
                    Google Scholar 
                

	Noshirvani, N., Ghanbarzadeh, B., Rezaei Mokarram, R., & Hashemi, M. (2017). Novel active packaging based on carboxymethyl cellulose-chitosan-ZnO NPs nanocomposite for increasing the shelf life of bread. Food Packaging and Shelf Life, 11, 106–114.
Article 
    
                    Google Scholar 
                

	Panea, B., Ripoll, G., González, J., Fernández-cuello, Á., & Albertí, P. (2014). Effect of nanocomposite packaging containing different proportions of ZnO and Ag on chicken breast meat quality. 123, 104–112.

	Sahraee, S., Ghanbarzadeh, B., Milani, J. M., & Hamishehkar, H. (2017a). Development of gelatin bionanocomposite films containing chitin and ZnO nanoparticles. Food and Bioprocess Technology, 10(8), 1441–1453.
Article 
    CAS 
    
                    Google Scholar 
                

	Sahraee, S., Milani, J. M., Ghanbarzadeh, B., & Hamishehkar, H. (2017b). Physicochemical and antifungal properties of bio-nanocomposite film based on gelatin-chitin nanoparticles. International Journal of Biological Macromolecules, 97, 373–381.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Shahmohammadi Jebel, F., & Almasi, H. (2016). Morphological, physical, antimicrobial and release properties of ZnO nanoparticles-loaded bacterial cellulose films. Carbohydrate Polymers, 149, 8–19.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Shankar, S., Teng, X., Li, G., & Rhim, J. W. (2015). Preparation, characterization, and antimicrobial activity of gelatin/ZnO nanocomposite films. Food Hydrocolloids, 45, 264–271.
Article 
    CAS 
    
                    Google Scholar 
                

	Singh, A., Khamrai, M., Samanta, S., Kumari, K., & Kundu, P. P. (2018). Microbial, physicochemical, and sensory analyses-based shelf life appraisal of white fresh cheese packaged into PET waste-based active packaging film. Journal of Packaging Technology and Research, 2(2), 125–147.
Article 
    
                    Google Scholar 
                

	Soysal, Ç., Bozkurt, H., Dirican, E., Güçlü, M., Deniz Bozhüyük, E., Erdal, A., & Kaya, S. (2015). Effect of antimicrobial packaging on physicochemical and microbial quality of chicken drumsticks. Food Control, 54, 294–299.
Article 
    CAS 
    
                    Google Scholar 
                

	Tsiraki, M. I., & Savvaidis, I. N. (2013). Effect of packaging and basil essential oil on the quality characteristics of whey cheese “Anthotyros”. Food and Bioprocess Technology, 6(1), 124–132.
Article 
    CAS 
    
                    Google Scholar 
                

	Voon, H. C., Bhat, R., & Easa, A. M. (2012). Effect of addition of Halloysite nanoclay and SiO 2 nanoparticles on barrier and mechanical properties of bovine gelatin films. Food and Bioprocess Technology, 5(5), 1766–1774.
Article 
    CAS 
    
                    Google Scholar 
                

	Youssef, A. M., El-Sayed, S. M., El-Sayed, H. S., Salama, H. H., Assem, F. M., Abd El-Salam, M. H., & Lin, L. (2015a). Novel bionanocomposite materials used for packaging skimmed milk acid coagulated cheese (Karish). LWT - Food Science and Technology, 81(2017), 233–242.

                    Google Scholar 
                

	Youssef, A. M., El-Sayed, S. M., Salama, H. H., El-Sayed, H. S., & Dufresne, A. (2015b). Evaluation of bionanocomposites as packaging material on properties of soft white cheese during storage period. Carbohydrate Polymers, 132, 274–285.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Youssef, A. M., El-sayed, S. M., El-sayed, H. S., Salama, H. H., & Dufresne, A. (2016). Enhancement of Egyptian soft white cheese shelf life using a novel chitosan/carboxymethyl cellulose/zinc oxide bionanocomposite film. Carbohydrate Polymers, 151, 9–19.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Youssef, A. M., El-Sayed, S. M., El-Sayed, H. S., Salama, H. H., Assem, F. M., & Abd El-Salam, M. H. (2018). Novel bionanocomposite materials used for packaging skimmed milk acid coagulated cheese (Karish). International Journal of Biological Macromolecules, 115(2017), 1002–1011.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Yuan, W., & Yuk, H. (2018). Antimicrobial ef fi cacy of Syzygium antisepticum plant extract against Staphylococcus aureus and methicillin-resistant S. aureus and its application potential with cooked chicken. Food Microbiology, 72, 176–184.
Article 
    PubMed 
    
                    Google Scholar 
                


Download references




Acknowledgments
The authors gratefully acknowledge the support of the Islamic Azad University (Tabriz Branch) and Drug Applied Research Center, Tabriz University of Medical Sciences.


Author information
Authors and Affiliations
	Department of Food Science and Technology, Faculty of Agriculture, Urmia University, Urmia, Iran
Sajed Amjadi

	Department of Food Science and Technology, Tabriz Branch, Islamic Azad University, Tabriz, Iran
Sana Emaminia, Shabnam Heyat Davudian & Leila Roufegarinejad

	Biotechnology Research Center, Tabriz University of Medical Sciences, Tabriz, Iran
Maryam Nazari

	Drug Applied Research Center, Tabriz University of Medical Sciences, Tabriz, Iran
Hamed Hamishehkar


Authors	Sajed AmjadiView author publications
You can also search for this author in
                        PubMed Google Scholar



	Sana EmaminiaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Maryam NazariView author publications
You can also search for this author in
                        PubMed Google Scholar



	Shabnam Heyat DavudianView author publications
You can also search for this author in
                        PubMed Google Scholar



	Leila RoufegarinejadView author publications
You can also search for this author in
                        PubMed Google Scholar



	Hamed HamishehkarView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding authors
Correspondence to
                Leila Roufegarinejad or Hamed Hamishehkar.


Additional information
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Amjadi, S., Emaminia, S., Nazari, M. et al. Application of Reinforced ZnO Nanoparticle-Incorporated Gelatin Bionanocomposite Film with Chitosan Nanofiber for Packaging of Chicken Fillet and Cheese as Food Models.
                    Food Bioprocess Technol 12, 1205–1219 (2019). https://doi.org/10.1007/s11947-019-02286-y
Download citation
	Received: 13 February 2019

	Accepted: 30 April 2019

	Published: 24 May 2019

	Issue Date: 15 July 2019

	DOI: https://doi.org/10.1007/s11947-019-02286-y


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


Keywords
	Antimicrobial packaging
	Chicken fillet
	Cheese
	Chitosan nanofiber
	ZnO nanoparticles
	Shelf life








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					3.85.245.194
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    