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                    Abstract
Four microbial proteases (Alcalase, Flavourzyme, Neutrase and Protamex) were used for the preparation of whey protein hydrolysates. The aim of this research was to find out whether these hydrolysates can be used as a source of whey derived antioxidants. Hydrolyzed samples, including their unhydrolyzed protein solutions were tested by the ABTS (2,2′-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) decolorization assay, by the total radical-trapping potential method and by the assay of liposomes peroxidation (fluorescence photometry). Antioxidant properties were enhanced by hydrolysis in most of cases. Alcalase hydrolysates were found as the most effective antioxidants as determined by ABTS assay (~50% of antioxidant activity at 0.1 mg ml−1 of hydrolysate in reaction) and fluorescence photometry. Liposomes were oxidized ~50% less (1.1 μM of α-tocopherol equivalent) with Alcalase hydrolysates additive (at 5.85 mg ml−1 of hydrolysate in reaction). Hydrolysates did not inhibit the oxidation of liposomes at concentrations below 1.0 mg ml−1 in reaction. On the contrary, results of total trapping potential method did not agree with findings observed in other tests. In this assay, Neutrase hydrolysates showed the best antioxidant properties. Pro-oxidant properties were observed in solutions containing (prior to the enzyme Protamex addition only) intact whey protein as determined by the measurement of the liposome peroxidation. The ABTS assay was optimized for the evaluation of the antioxidant activity in whey protein hydrolysates. The reaction time should be prolonged to avoid underestimation of the antioxidant activity.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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: ]



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Antioxidant activity of whey protein hydrolysates in milk beverage system
                                        
                                    

                                    
                                        Article
                                        
                                         29 April 2014
                                    

                                

                                Bimlesh Mann, Anuradha Kumari, … S. Athira

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        In-vitro antioxidant and functional properties of protein hydrolysates from golden grey mullet prepared by commercial, microbial and visceral proteases
                                        
                                    

                                    
                                        Article
                                        
                                         22 July 2016
                                    

                                

                                Intidhar Bkhairia, Rabeb Ben Slama Ben Salem, … Moncef Nasri

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Microbial and enzymatic hydrolysis of dromedary whey proteins and caseins: techno-functional, radical scavenging, antimicrobial properties and incorporation in beverage formulation
                                        
                                    

                                    
                                        Article
                                        
                                         07 September 2019
                                    

                                

                                Zeineb Jrad, Olfa Oussaief, … Halima El-Hatmi

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Cui K, Luo X, Xu K, Ven Murthy MR (2004) Role of oxidative stress in neurodegeneration: recent developments in assay methods for oxidative stress and Nutraceutical antioxidants. Progr Neuro Psychopharmacol Biol Psychiatr 28:771–799
Article 
    CAS 
    
                    Google Scholar 
                

	Halliwell B, Murcia MA, Chirico S, Arumoma OI (1995) Free radicals and antioxidants in food and in vivo: what they do and how they work. Crit Rev Food Sci Nutr 35:7–20
Article 
    CAS 
    
                    Google Scholar 
                

	Saiga A, Tanabe S, Nishimura T (2003) Antioxidant activity of peptides obtained from porcien myofibrillar proteins by protease treatment. J Agr Food Chem 51:3661–3667
Article 
    CAS 
    
                    Google Scholar 
                

	Park EY, Murakami H, Mori T, Matsumura Y (2005) Effects of protein and peptide addition on lipid oxidation in powder model system. J Agr Food Chem 53:137–144
Article 
    CAS 
    
                    Google Scholar 
                

	Pihlanto A, Akkanen S, Korhonen HJ (2008) ACE-inhibitory and antioxidant properties of potato (Solanum tuberosum). Food Chem 109:104–112
Article 
    CAS 
    
                    Google Scholar 
                

	Rival SG, Boeriu CG, Wichers HJ (2001) Caseins and casein hydrolysates. 2. Antioxidative properties and relevance to lipoxygenase inhibition. J Agr Food Chem 49:295–302
Article 
    CAS 
    
                    Google Scholar 
                

	Rival SG, Fornaroli S, Boeriu CG, Wichers HJ (2001) Caseins and casein hydrolysates. 1. Lipoxygenase inhibitory properties. J Agr Food Chem 49:287–294
Article 
    CAS 
    
                    Google Scholar 
                

	Hu M, McClements DJ, Decker EA (2003) Impact of whey protein emulsifiers on the oxidative stability of salmon oil-in-water emulsions. J Agr Food Chem 51:1435–1439
Article 
    CAS 
    
                    Google Scholar 
                

	Hu M, McClements DJ, Decker EA (2003) Lipid oxidation in corn in oil-in-water emulsions stabilized by casein, whey protein isolate, and soy protein isolate. J Agric Food Chem 51:1696–1700
Article 
    CAS 
    
                    Google Scholar 
                

	Lajoie N, Gauthier SF, Pouliot Y (2001) Improved storage stability of model infant formula by whey peptides fractions. J Agr Food Chem 49:1999–2007
Article 
    CAS 
    
                    Google Scholar 
                

	Peña-Ramos EA, Xiong YL (2003) Whey and soy protein inhibit lipid oxidation in cooked pork patties. Meat Sci 64:259–263
Article 
    CAS 
    
                    Google Scholar 
                

	Elias RJ, McClements DJ, Bridgewater JD, Vachet RW, Waraho T, Decker EA (2006) Antioxidant mechanism of enzymatic hydrolysates of β-lactoglobulin in food lipid dispersions. J Agr Food Chem 54:9565–9572
Article 
    CAS 
    
                    Google Scholar 
                

	Hérnandez-Ledesma B, Dávalos A, Bartolomé B, Amigo L (2005) Preparation of antioxidant enzymatic hydrolysates from α-lactalbumin and β-lactoglobulin. Identification of active peptides by HPCL-MS. J Agr Food Chem 53:588–593
Article 
    CAS 
    
                    Google Scholar 
                

	Peña-Ramos EA, Xiong YL (2001) Antioxidative activity of whey protein hydrolysates in a liposomal system. J Dairy Sci 84:2577–2583

                    Google Scholar 
                

	Peña-Ramos EA, Xiong YL, Arteaga GE (2004) Fractionation and characterization for antioxidant activity of hydrolysed whey protein. J Sci Food Agr 84:1908–1918
Article 
    CAS 
    
                    Google Scholar 
                

	Lowry OH, Rosebrough NJ, Farr AL, Randall RJ (1951) Protein measurement with folin phenol reagent. J Biol Chem 193:265–275
CAS 
    
                    Google Scholar 
                

	Spellman D, McEvoy E, O’Cuinn GO, Fitzgerald RJ (2003) Proteinase and exopeptidase hydrolysis of whey protein: Comparison of the TNBS, OPA and pH stat methods for quantification of degree of hydrolysis. Int Dairy J 13:447–453
Article 
    CAS 
    
                    Google Scholar 
                

	Adler-Nissen J (1986) Some fundamental aspects of food protein hydrolysis. In: Enzymic hydrolysis of food proteins. Elsevier, New York, pp 9–19

	Re R, Pellegrini N, Proteggente A, Pannala A, Yang M, Rice-Evans C (1999) Antioxidant activity applying an improved ABTS radical cation decolorization assay. Free Radical Biol Med 26:1231–1237
Article 
    CAS 
    
                    Google Scholar 
                

	Virtanen T, Pihlanto A, Akkanen S, Korhonen H (2007) Development of antioxidant activity in milk whey during fermentation with lactic acid bacteria. J Appl Microbiol 102:106–115
Article 
    CAS 
    
                    Google Scholar 
                

	Lissi E, Hanna MS, Pascual C, Del Castillo MD (1995) Evaluation of total antioxidant potential (TRAP) and total antioxidant reactivity from luminol/enhanced chemiluminescence measurements. Free Radical Biol Med 18:153–158
Article 
    CAS 
    
                    Google Scholar 
                

	Tirmenstein MA, Pierce CA, Leraas TL, Fariss MW (1998) A fluorescence plate reader assay for monitoring the susceptibility of biological samples to lipid peroxidation. Anal Biochem 265:246–252
Article 
    CAS 
    
                    Google Scholar 
                

	Ursini F, Maiorino M, Valente M, Ferri L, Gregolin C (1982) Purification from pig liver of a protein which protects liposomes and biomembranes from peroxidative degradation and exhibits glutathione peroxidase activity on phosphatidylcholine hydroperoxides. Biochim Biophys Acta 710:197–211
CAS 
    
                    Google Scholar 
                

	Arnao MB (2000) Some methodological problems in the determination of antioxidant activity using chromogen radicals: a practical case. Trends Food Sci Technol 11(11):419–421
Article 
    CAS 
    
                    Google Scholar 
                

	Tong LM, Sasaki S, McClements DJ, Decker EA (2000) Mechanisms of the antioxidant activity of a high molecular weight fraction of whey. J Agr Food Chem 48(5):1473–1478
Article 
    CAS 
    
                    Google Scholar 
                

	Liu Q, Kong B, Xiong YL, Xia X (2009) Antioxidant activity and functional properties of porcine plasma protein hydrolysate as influenced by the degree of hydrolysis. Food Chem 118(2):403–410
Article 
    CAS 
    
                    Google Scholar 
                

	Molnár-Perl I (2001) Derivatization and chromatographic behavior of the o-phthaldialdehyde amino acid derivatives obtained with various SH-group-containing additives. J Chrom A 913:283–302
Article 
    
                    Google Scholar 
                

	Colbert LB, Decker EA (1991) Antioxidant activity of an ultrafilration permeate from acid whey. J Food Sci 56:1248–1250
Article 
    CAS 
    
                    Google Scholar 
                

	Hogan S, Zhang L, Li J, Wanga H, Zhou K (2009) Development of antioxidant rich peptides from milk protein by microbial proteases and analysis of their effects on lipid peroxidation in cooked beef. Food Chem 117:438–443
Article 
    CAS 
    
                    Google Scholar 
                

	Zulueta A, Esteve MJ, Frígola A (2009) ORAC and TEAC assays comparison to measure the antioxidant capacity of food products. Food Chem 114:310–316
Article 
    CAS 
    
                    Google Scholar 
                

	Doucet D, Otter DE, Gauthier SF, Foegeding EA (2003) Enzyme-induced gelation of extensively hydrolyzed whey proteins by Alcalase: peptide identification and determination of enzyme specificity. J Agr Food Chem 51:6300–6308
Article 
    CAS 
    
                    Google Scholar 
                

	Shon J, Haque ZU (2007) Antioxidative ability of native and thermized sour whey in oxidation-catalysed model systems. Int J Dairy Technol 60(2):143–148
Article 
    CAS 
    
                    Google Scholar 
                

	Donnelly JL, Decker EA, McClements DJ (1998) Iron-catalyzed oxidation of menhaden oil as affected by emulsifiers. J Food Sci 63:997–1000
Article 
    CAS 
    
                    Google Scholar 
                

	Elias RJ, McClements DJ, Decker EA (2007) Impact of thermal processing on the antioxidant mechanisms of continuous phase β-lactoglobulin in oil-in-water emulsions. Food Chem 104:1402–1409
Article 
    CAS 
    
                    Google Scholar 
                

	Sava N, Van der Plancken I, Clayes W, Hendrickx M (2005) The kinetics of heat induced structural changes of ß-lactoglobulin. J Dairy Sci 88:1646–1653
Article 
    CAS 
    
                    Google Scholar 
                

	Hidalgo J, Gamper E (1977) Solubility and heat stability of whey protein concentrates. J Dairy Sci 60:1515–1518
Article 
    CAS 
    
                    Google Scholar 
                


Download references




Acknowledgments
This work was supported by the Ministry of Education, Youth and Sports of the Czech Republic (research project MSM 6046137305) and by the Socrates—Erasmus program.


Author information
Authors and Affiliations
	Institute of Chemical Technology, Technická 5, 166 28, Prague 6, Czech Republic
Adriena Dryáková & Ladislav Čurda

	MTT Agrifood Research, 31600, Jokioinen, Finland
Anne Pihlanto, Pertti Marnila & Hannu J. T. Korhonen


Authors	Adriena DryákováView author publications
You can also search for this author in
                        PubMed Google Scholar



	Anne PihlantoView author publications
You can also search for this author in
                        PubMed Google Scholar



	Pertti MarnilaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Ladislav ČurdaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Hannu J. T. KorhonenView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Adriena Dryáková.


Rights and permissions
Reprints and permissions


About this article
Cite this article
Dryáková, A., Pihlanto, A., Marnila, P. et al. Antioxidant properties of whey protein hydrolysates as measured by three methods.
                    Eur Food Res Technol 230, 865–874 (2010). https://doi.org/10.1007/s00217-010-1231-9
Download citation
	Received: 13 October 2009

	Revised: 17 January 2010

	Accepted: 03 February 2010

	Published: 19 February 2010

	Issue Date: April 2010

	DOI: https://doi.org/10.1007/s00217-010-1231-9


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
	Whey
	Hydrolysates
	ABTS
	Liposomes
	Chemiluminescence








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					44.202.61.50
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    