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                    Abstract
The effect of the methylation method on isomerization of conjugated linoleic acid (CLA) in gas chromatographic analysis was studied. Among methylation methods examined, the magnitude of isomerization of CLA was greatest with BF3 catalyst, followed by HCI and H2SO4 catalyst. Short-time methylation did not extensively change the CLA composition in all methods, and c,t and t,c isomers were essentially maintained, while the appearance of t,t isomers and unknown peaks was practically restricted. After 120 min of methylation, there was essentially no conversion in the H2SO4 method, in contrast to a marked change in the BF3 method. The antioxidants butylated hydroxytoluene, ascorbic acid, β-carotene, and α-tocopherol did not suppress conversion, while dimethylsulfoxide (DMSO) and dimethylformamide (DMF) attenuated the changes in CLA composition. Suppression was more effective in the H2SO4 method than in the BF3 method. Thus, methylation with H2SO4 in the presence of a proper amount of DMSO or DMF is recommended for esterification of CLA.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            
                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    

                                
                                
                                    
                                        Application of a 1,1,3,3-tetramethylguanidine (TMG)/MeOH-CO2 in situ derivatization procedure for the gas chromatographic characterization of the fatty acid profile in olive oil
                                        
                                    

                                    
                                        Article
                                        
                                         24 January 2015
                                    

                                

                                F. Saliu, M. Anzano & A. Franzetti

                            
                        

                    
                        
                            
                                
                                    

                                
                                
                                    
                                        Quantification of Nonanal and Oleic Acid Formed During the Ozonolysis of Vegetable Oil Free Fatty Acids or Fatty Acid Methyl Esters
                                        
                                    

                                    
                                        Article
                                        
                                         30 December 2015
                                    

                                

                                M. H. Tavassoli-Kafrani, P. Foley, … J. M. Curtis

                            
                        

                    
                        
                            
                                
                                    

                                
                                
                                    
                                        Simultaneous Quantitation of FFA, MAG, DAG, and TAG in Enzymatically Modified Vegetable Oils and Fats
                                        
                                    

                                    
                                        Article
                                        
                                         28 March 2014
                                    

                                

                                Consuelo Pacheco, Camila Palla, … María E. Carrín

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Lavillonniere, F., J.C. Martin, P. Bougnoux, and J.L. Sebedio, Analysis of Conjugated Linoleic Acid Isomers and Content in French Cheeses, J. Am. Oil Chem. Soc. 75:343–352 (1998).
Article 
    CAS 
    
                    Google Scholar 
                

	Chin, S.F., W. Liu, J.M. Storkson, Y.L. Ha, and M.W. Pariza, Dietary Sources of Conjugated Linoleic Acid, a Newly Recognized Class of Anticarcinogens, J. Food Comp. Anal. 5:185–197 (1992).
Article 
    CAS 
    
                    Google Scholar 
                

	Lin, H., T.D. Boylston, M.J. Chang, L.O. Luedecke, and T.D. Shultz, Survey of the Conjugated Linoleic Acid Contents of Dairy Products, J. Dairy Sci. 78:2358–2365 (1995).
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	McGuire, M.K., Y. Park, R.A. Behre, L.Y. Harrison, T.D. Shulz, and M.A. McGuire, Conjugated Linoleic Acid Concentrations of Human Milk and Infant Formula, Nutr. Res. 17:1277–1283 (1997).
Article 
    CAS 
    
                    Google Scholar 
                

	Ha, H.L., N.K. Grimm, and M.W. Pariza, Newly Recognized Anticarcinogenic Fatty Acids: Identification and Quantification in Natural and Processed Cheeses, J. Agric. Food Chem. 37:75–81 (1989).
Article 
    CAS 
    
                    Google Scholar 
                

	Ip, C., S.F. Chin, J.A. Scimeca, and M.W. Pariza, Mammary Cancer Prevention by Conjugated Dienoic Derivative of Linoleic Acid, Cancer Res. 51:6118–6124 (1991).
PubMed 
    CAS 
    
                    Google Scholar 
                

	Ip, C., M. Singh, H.J. Thompson, and J.A. Scimeca, Conjugated Linoleic Acid Suppresses Mammary Carcinogenesis and Proliferative Activity of the Mammary Gland in the Rat, Ibid.:1212–1215 (1994).
PubMed 
    CAS 
    
                    Google Scholar 
                

	Ip, C., C. Jiang, H.J. Thompson, and J.A. Scimeca, Retention of Conjugated Linoleic Acid in the Mammary Gland Is Associated with Tumor Inhibition During the Post-Initiation Phase of Carcinogenesis, Carcinogenesis 18:755–759 (1997).
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Lee, K.N., D. Kritchevsky, and M.W. Pariza, Conjugated Linoleic Acid and Atherosclerosis, Atherosclerosis 108:19–25 (1994).
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Sugano, M., A. Tsujita, M. Yamasaki, K. Yamada, I. Ikeda, and D. Kritchevsky, Lymphatic Recovery, Tissue Distribution, and Metabolic Effects of Conjugated Linoleic Acid in Rats, J. Nutr. Biochem. 8:38–43 (1997).
Article 
    CAS 
    
                    Google Scholar 
                

	Wong, M.W., B.P. Chew, T.S. Wong, H.T. Hoisick, T.D. Boylston, and T.D. Shultz, Effects of Dietary Conjugated Linoleic Acid on Lymphocyte Function and Growth of Mammary Tumors in Mice, Anticancer Res. 17:987–994 (1997).
PubMed 
    CAS 
    
                    Google Scholar 
                

	Sugano, M., A. Tsujita, M. Yamasaki, M. Noguchi, and K. Yamada, Conjugated Linoleic Acid Modulates Tissue Levels of Chemical Mediators and Immunoglobulins in Rats, Lipids 33:521–527 (1998).
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Park, Y., K.J. Albright, W. Liu, J.M. Storkson, M.E. Cook, and M.W. Pariza, Effect of Conjugated Linoleic Acid on Body Composition in Mice, Ibid.:853–858 (1997).
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Horning, E.C., E.H. Jr. Ahrens, S.R. Lipsky, F.H. Mattson, J.F. Mead, D.A. Turner, and W.H. Goldwater, Quantitative Analysis of Fatty Acids by Gas-Liquid Chromatography, J. Lipid Res. 5:20–27 (1964).
CAS 
    
                    Google Scholar 
                

	Werner, A.S., L.O. Luedecke, and T.D. Shultz, Determination of Conjugated Linoleic Acid in Three Cheddar-type Cheeses: Effects of Cheese Cultures, Processing, and Aging, J. Agric. Food Chem. 40:1817–1821 (1992).
Article 
    CAS 
    
                    Google Scholar 
                

	Fulk, W.K., and M.S. Shorb, Production of an Artifact During Methanolysis of Lipids by Boron Trifluoride-Methanol, J. Lipid Res. 11:276–277 (1970)
PubMed 
    CAS 
    
                    Google Scholar 
                

	Dawidowicz, E.A., and T.E. Thompson, Artifacts Produced by Boron Trifluoride Methanolysis of a Synthetic Lectin Containing Cyclopropane Fatty Acids (1–2-dihydrosterculoyl-3-sn-phosphatidylcholine), Ibid.:636–637 (1971).
PubMed 
    CAS 
    
                    Google Scholar 
                

	Sehat, N., M.P. Yurawecz, J.A.G. Roach, M.M. Mossoba, J.K.G. Kramer, and Y. Ku, Silver-ion High-Performance Liquid Chromatographic Separation and Identification of Conjugated Linoleic Acid Isomers, Lipids 33:217–221 (1998).
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Adlof, R., and K. Lamm, Fraction of cis- and trans-Oleic, Linoleic, and Conjugated Linoleic Acid Methyl Esters by Silver Ion High-Performance Liquid Chromatography, J. Chromatogr. 799:329–332 (1998).
Article 
    CAS 
    
                    Google Scholar 
                

	Morrison, W.R., and L.M. Smith, Preparation of Fatty Acid Methyl Esters and Dimethylacetals from Lipids with Boron Fluoride-Methanol, J. Lipid Res. 5:600–608 (1964).
PubMed 
    CAS 
    
                    Google Scholar 
                

	Stoffel, W., F. Chu, and E.H. Ahrens, Jr. Analysis of Long-Chain Fatty Acid by Gas-Liquid Chromatography, Anal. Chem. 31:307–308 (1959).
Article 
    CAS 
    
                    Google Scholar 
                

	Luddy, F.E., R.A. Barfold, and R.W. Riemenschneider, Direct Conversion of Lipid Components to Their Fatty Acid Methyl Esters, J. Am. Oil Chem. Soc. 37:447–451 (1960)
Article 
    CAS 
    
                    Google Scholar 
                

	Kramer, J.K.G., and H.W. Hulan, Artifacts Produced During Acid-Catalyzed Methanolysis of Sterol Esters, J. Lipid Res. 17:674–676 (1976).
PubMed 
    CAS 
    
                    Google Scholar 
                

	Lough, A.K. The Production of Methoxy-Substituted Fatty Acids as Artifacts During the Esterification of Unsaturated Fatty Acids with Methanol Containing Boron Trifluoride, Biochem. J. 90:4c-5c (1964).
PubMed 
    CAS 
    
                    Google Scholar 
                

	Kramer, J.K.G., V. Fellner, M.E.R. Dugan, F.D. Sauer, M.M. Mossoba, and M.P. Yurawecz, Evaluating Acid and Base Catalysts in the Methylation of Milk and Rumen Fatty Acids with Special Emphasis on Conjugated Dienes and Total trans Fatty Acids, Lipids 32:1219–1228 (1997).
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Tolberg, W.E., and D.H. Wheeler, Cis. trans Isomerization of Conjugated Linoleates by Iodine and Light, J. Am. Oil Chem. Soc. 8:385–388 (1958).
Article 
    
                    Google Scholar 
                

	Fischer, E., and A. Speier, Darstellung der Ester, Ber. Dtsch. Chem. Ges. 28:3252 (1895).
CAS 
    
                    Google Scholar 
                

	Lorette, N.B., and J.H. Brown Jr., Use of Acetone Dimethyl Acetal in Preparation of Methyl Esters, J. Org. Chem. 24:261–262 (1959).
Article 
    CAS 
    
                    Google Scholar 
                

	Blau, K., and J.M. Halket, Handbook of Derivatives for Chromatography, 2nd edn., edited by K. Blau and J.M. Halket, John Wiley & Sons, New York, pp. 1–369 (1993).

                    Google Scholar 
                

	Yurawecz, M.P., J.K. Hood, J.A.G. Roach, M.M. Mossoba, D.H. Daniels, Y. Ku, M.W. Pariza, and S.F. Chin, Conversion of Allylic Hydroxy Oleate to Conjugated Linoleic Acid and Methoxy Oleate by Acid-Catalyzed Methylation Procedures, J. Am. Oil Chem. Soc. 71:1149–1155 (1994).
CAS 
    
                    Google Scholar 
                


Download references




Author information
Authors and Affiliations
	Koji Yamada, Laboratory of Food Science, Department of Food Science and Technology, Faculty of Agriculture, Kyushu University 46-09, 6-10-1 Hakozaki, Higashiku, 812-8581, Fukuoka, Japan
Masao Yamasaki, Koji Kishihara & Koji Yamada

	Laboratory of Nutrition Chemistry, Department of Food Science and Technology, Faculty of Agriculture, Kyushu University 46-09, 812-8581, Fukuoka, Japan
Ikuo Ikeda

	Faculty of Human Life Sciences, Prefectural University of Kumamoto, 862-8502, Kumamoto, Japan
Michihiro Sugano


Authors	Masao YamasakiView author publications
You can also search for this author in
                        PubMed Google Scholar



	Koji KishiharaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Ikuo IkedaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Michihiro SuganoView author publications
You can also search for this author in
                        PubMed Google Scholar



	Koji YamadaView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Koji Yamada.


About this article
Cite this article
Yamasaki, M., Kishihara, K., Ikeda, I. et al. A recommended esterification method for gas chromatographic measurement of conjugated linoleic acid.
                    J Amer Oil Chem Soc 76, 933–938 (1999). https://doi.org/10.1007/s11746-999-0109-0
Download citation
	Received: 14 September 1998

	Issue Date: August 1999

	DOI: https://doi.org/10.1007/s11746-999-0109-0


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
                        


Key Words
	BF3
                     
	conjugated linoleic acid
	gas chromatography
	HCI
	H2SO4
                     
	isomerization
	methylation








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					3.82.6.21
				

				Not affiliated

			

		
	
	
		
			
		
	
	© 2024 Springer Nature




	






    