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                    Abstract
A simple, sensitive, rapid, and economic method was developed for the quantification of isoflavones (daidzein, genistein, biochanin A, glycitin) in soy foods using supramolecular solvent (SUPRAS)-based microextraction combined with ultra-high performance liquid chromatography-ultraviolet detection (UHPLC-UV). Several conditions affecting SUPRAS-based microextraction efficiency, for example amount of decanoic acid, percentage of tetrahydrofuran (v/v), SUPRAS volume, and extraction time, were investigated and optimized. The chromatographic separation of the target analytes was performed with a core–shell analytical column using 0.05 % trifluoroacetic acid in water and acetonitrile in gradient elution mode. Under the optimal conditions, the detection limits of isoflavones in flour samples were reported to be 0.7 μg g−1. The linear dynamic range of isoflavones is 0.7–33 μg g−1. The recoveries obtained for isoflavones were from 90.3 to 105 %, and concentration factors were between 381 and 410. Finally, the proposed method was applied to determine the concentrations of isoflavones in a variety of commercial soy foods and dietary supplements.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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


Fig. 2


Fig. 3


Fig. 4



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    

                                
                                
                                    
                                        A review of the modern principles and applications of solid-phase extraction techniques in chromatographic analysis
                                        
                                    

                                    
                                        Article
                                         Open access
                                         05 October 2022
                                    

                                

                                Mohamed E. I. Badawy, Mahmoud A. M. El-Nouby, … Entsar I. Rabea

                            
                        

                    
                        
                            
                                
                                    

                                
                                
                                    
                                        Improvement of the quality of analytical results generated by GC/MS method for characterization of Helichrysum italicum (Roth) G. Don essential oil
                                        
                                    

                                    
                                        Article
                                        
                                         19 September 2023
                                    

                                

                                Katarina Hafner-Vuk, Vladimir Milojević, … Milica Krajišnik

                            
                        

                    
                        
                            
                                
                                    

                                
                                
                                    
                                        Thin Layer Chromatography in Phytochemical Analysis
                                        
                                    

                                    
                                        Chapter
                                        
                                         © 2022
                                    

                                

                                
                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Achouri A, Boye JI, Belanger D (2005) Soybean isoflavones: efficacy of extraction conditions and effect of food type on extractability. Food Res Internat 38:1199–1204
Article 
    CAS 
    
                    Google Scholar 
                

	Ballesteros-Gómez A, Sicilia MD, Rubio S (2010) Supramolecular solvents in the extraction of organic compounds. A review. Anal Chim Acta 677:108–130
Article 
    
                    Google Scholar 
                

	Bustamante-Rangel M, Delgado-Zamarreno MM, Carabias-Martínez R, Domínguez-Álvarez J (2012) Analysis of isoflavones in soy drink by capillary zone electrophoresis coupled with electrospray ionization mass spectrometry. Anal Chim Acta 709:113–119
Article 
    CAS 
    
                    Google Scholar 
                

	Caballero-Casero N, Oçak M, Oçak U, Rubio S (2014) Quick supramolecular solvent-based microextraction for quantification of low curcuminoid content in food. Anal Bioanal Chem 406:2179–2187
Article 
    CAS 
    
                    Google Scholar 
                

	Cardenosa V, Loreto-Lunar M, Rubio S (2011) Generalized and rapid supramolecular solvent-based sample treatment for the determination of annatto in food. J Chromatogr A 1218:8996–9002
Article 
    CAS 
    
                    Google Scholar 
                

	Costi EM, Sicilia MD, Rubio S (2010) Supramolecular solvents in solid sample microextractions: application to the determination of residues of oxolinic acid and flumequine in fish and shellfish. J Chromatogr B 1217:1447–1454
Article 
    CAS 
    
                    Google Scholar 
                

	De Cremoux P, This P, Leclerq G, Jacquot Y (2010) Controversies concerning the use of phytoestrogens in menopause management: bioavailability and metabolism. Maturitas 65:334–339
Article 
    
                    Google Scholar 
                

	Fonseca ND, Villar MPM, Donangelo CM, Perrone D (2014) Isoflavones and soyasaponins in soy infant formulas in Brazil: profile and estimated consumption. Food Chem 143:492–498
Article 
    CAS 
    
                    Google Scholar 
                

	Garcia-Fonseca S, Ballesteros-Gomez A, Rubio S, Perez-Bendito D (2010) Supramolecular solvent-based microextraction of ochratoxin A in raw wheat prior to liquid chromatography-fluorescence determination. J Chromatogr A 1217:2376–2382
Article 
    CAS 
    
                    Google Scholar 
                

	Haron H, Ismail A, Azalan A, Shahar S, Peng LS (2009) Daidzein and genistein contents in tempeh and selected soy products. Food Chem 115:1350–1356
Article 
    CAS 
    
                    Google Scholar 
                

	Klejdus B, Mikelova R, Petrlova J, Potesil D, Adam V et al (2005) Determination of isoflavones in soy bits by fast column high-performance liquid chromatography coupled with UV–visible diode-array detection. J Chromatogr A 1084:71–79
Article 
    CAS 
    
                    Google Scholar 
                

	Krenn L, Unterrieder I, Ruprechter R (2002) Quantification of isoflavones in red clover by high-performance liquid chromatography. J Chromatogr B 777:123–128
Article 
    CAS 
    
                    Google Scholar 
                

	López-Jiménez FJ, Ballesteros-Gómez A, Rubio S (2014) Determination of polycyclic aromatic hydrocarbons (PAH4) in food by vesicular supramolecular solvent-based microextraction and LC-fluorescence detection. Food Chem 143:341–347
Article 
    
                    Google Scholar 
                

	Luthria DL, Biswas R, Natarajan S (2007) Comparison of extraction solvents and techniques used for the assay of isoflavones from soybean. Food Chem 105:325–333
Article 
    CAS 
    
                    Google Scholar 
                

	Pandey KB, Rizv SI (2009) Plant polyphenols as dietary antioxidants in human health and disease. Oxid Med Cell Longev 2:270–278
Article 
    
                    Google Scholar 
                

	Penalvo JL, Nurmi T, Adlercreutz H (2004) A simplified HPLC method for total isoflavones in soy products. Food Chem 84:297–305
Article 
    
                    Google Scholar 
                

	Peng YY, Ye JN (2006) Determination of isoflavones in red clover by capillary electrophoresis with electrochemical detection. Fitoterapia 77:171–178
Article 
    CAS 
    
                    Google Scholar 
                

	Posmyk MM, Bailly C, Szafrańska K, Janas KM, Corbineau F (2004) Antioxidant enzymes and isoflavonoids in chilled soybean (Glycine max (L.) Merr.) seedlings. J Plant Physiol 162:403–412
Article 
    
                    Google Scholar 
                

	Ravishankar D, Rajora AK, Greco F, Osborn HMI (2013) Flavonoids as prospective compounds for anti-cancer therapy. Internat J Biochem Cell Biol 45:2821–2831
Article 
    CAS 
    
                    Google Scholar 
                

	Rostagno MA, Palma M, Barroso CG (2003) Ultrasound-assisted extraction of soy isoflavones. J Chromatogr A 1012:119–128
Article 
    CAS 
    
                    Google Scholar 
                

	Rostagno MA, Palma M, Barroso CG (2005) Solid-phase extraction of soy isoflavones. J Chromatogr A 1076:110–117
Article 
    CAS 
    
                    Google Scholar 
                

	Rostagno MA, Palma M, Barroso CG (2007a) Microwave assisted extraction of soy isoflavones. Anal Chim Acta 588:274–282
Article 
    CAS 
    
                    Google Scholar 
                

	Rostagno MA, Palma M, Barroso CG (2007b) Fast analysis of soy isoflavones by high-performance liquid chromatography with monolithic columns. Anal Chim Acta 582:243–249
Article 
    CAS 
    
                    Google Scholar 
                

	Ruiz FJ, Rubio S, Pérez-Bendito D (2006) Tetrabutylammonium-induced coacervation in vesicular solutions of alkyl carboxylic acids for the extraction of organic compounds. Anal Chim Acta 78:7229–7239
Article 
    CAS 
    
                    Google Scholar 
                

	Setchell K (2014) Phytoestrogens: the biochemistry, physiology, and implications for human health of soy isoflavones. Am J Clin Nutr 28:1333–1346

                    Google Scholar 
                

	Shao S, Duncan AM, Yang R, Marcone MF, Rajcan I, Tsao R (2009) Tracking isoflavones: from soybean to soy flour, soy protein isolates to functional soy bread. J Funct Foods 1:119–127
Article 
    CAS 
    
                    Google Scholar 
                

	Shao S, Duncan AM, Yang R, Marcone MF, Rajcan I, Tsao R (2011) Systematic evaluation of pre-HPLC sample processing methods on total and individual isoflavones in soybeans and soy products. Food Res Internat 44:2425–2434
Article 
    CAS 
    
                    Google Scholar 
                

	Tayyebi M, Yamini Y, Morami M (2012) Reverse micelle-mediated dispersive liquid–liquid microextraction of 2,4-dichlorophenoxyacetic acid and 4-chloro-2-methylphenoxyacetic acid. J Sep Sci 35:2491–2498
Article 
    CAS 
    
                    Google Scholar 
                

	Toro-Funes N, Odrizola-Serrano I, Bosch-Fuste J, Latorre-Moratalla ML, Veciana-Nogues MT (2012) Fast simultaneous determination of free and conjugated isoflavones in soy milk by UHPLC–UV. Food Chem 135:2832–2838
Article 
    CAS 
    
                    Google Scholar 
                

	Tyug TS, Prasad KN, Ismail A (2010) Antioxidant capacity, phenolics and isoflavones in soybean by-products. Food Chem 123:583–589
Article 
    CAS 
    
                    Google Scholar 
                

	Wu Q, Wang M, Simon JE (2003) Determination of isoflavones in red clover and related species by high-performance liquid chromatography combined with ultraviolet and mass spectrometric detection. J Chromatogr A 1016:195–209
Article 
    CAS 
    
                    Google Scholar 
                

	Wu Q, Wang M, Simon JE (2004) Analytical methods to determine phytoestrogenic compounds. J Chromatogr B 812:325–355
Article 
    CAS 
    
                    Google Scholar 
                

	Zubik L, Meydani M (2003) Bioavailability of soybean isoflavones from aglycone and glucoside forms in American women. Am J Clin Nutr 77:1459–1465
CAS 
    
                    Google Scholar 
                


Download references




Author information
Authors and Affiliations
	Department of Inorganic, Analytical Chemistry and Electrochemistry, Silesian University of Technology, 7 M. Strzody Str., 44-100, Gliwice, Poland
Sylwia Magiera, Aleksandra Nieścior & Irena Baranowska


Authors	Sylwia MagieraView author publications
You can also search for this author in
                        PubMed Google Scholar



	Aleksandra NieściorView author publications
You can also search for this author in
                        PubMed Google Scholar



	Irena BaranowskaView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Sylwia Magiera.


Ethics declarations

              
              
                Funding

                This project was supported by funds from the National Science Centre in the frame of the project SONATA No. 2014/13/D/ST4/01863 for the 2015–2018 period, Cracow, Poland.

              
              
                Conflict of Interest

                Sylwia Magiera declares that she has no conflict of interest. Aleksandra Nieścior declares that she has no conflict of interest. Irena Baranowska declares that she has no conflict of interest.

              
              
                Ethical Approval

                This article does not contain any studies with human or animal subjects.

              
              
                Informed Consent

                Informed consent was not applicable.

              
            

Electronic supplementary material

Below is the link to the electronic supplementary material.
                        
ESM 1
(DOC 341 kb)





Rights and permissions
Reprints and permissions


About this article
       



Cite this article
Magiera, S., Nieścior, A. & Baranowska, I. Quick Supramolecular Solvent-Based Microextraction Combined with Ultra-High Performance Liquid Chromatography for the Analysis of Isoflavones in Soy Foods.
                    Food Anal. Methods 9, 1770–1780 (2016). https://doi.org/10.1007/s12161-015-0365-6
Download citation
	Received: 30 July 2015

	Accepted: 11 November 2015

	Published: 18 November 2015

	Issue Date: June 2016

	DOI: https://doi.org/10.1007/s12161-015-0365-6


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
	Supramolecular solvent
	Microextraction
	Isoflavones
	Soy products








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					18.232.122.11
				

				Not affiliated

			

		
	
	
		
			
		
	
	© 2024 Springer Nature




	






    