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ABSTRACT 

Trace metals are food components that can play an important role in 

regulating the Maillard reaction through their redox activity and high 

ligand binding affinity especially towards amino acids. The resulting 

amino acid-metal complexes are known to possess a different chemical 

reactivity relative to their free counterparts and are expected to behave 

differently during thermal treatments. Understanding how these metal 

complexes degrade independently or react with other food components 

during processing can provide important insight into their fundamental 

role in the context of the Maillard reaction. In the absence of sugars, 

studies performed through heating of different metal salts (Cu, Fe, Zn, Ca) 

with amino acids such as glycine and alanine under pyrolytic conditions 

indicated that copper (II) and iron (III) due to their high oxidation 

potential were able to induce oxidative decarboxylation of amino acids 

and formation of aroma-active Strecker aldehydes or their derivatives as 

detected by GC/MS. Furthermore, studies performed with synthetic 

(Ala)2Cu and (Gly)2Cu complexes indicated that they constituted the 

critical intermediates undergoing free radical oxidative degradation 

followed by the loss of carbon dioxide and the generation of Strecker 

aldehydes. The reactivity of the amino acid-metal complexes in the 

Maillard reaction was further explored in the presence of various 

aldehydes. Using paraformaldehyde and glycine copper complexes in 

aqueous mixtures heated at 110oC for 2 hours, the ability of the metal salts 

to catalyze the transformation of α-amino acids into their hydroxymethyl-

derivatives through a process known as Akabori reaction was studied. The 

mechanism of this reaction was elucidated using ESI/qTOF/MS/MS and 

isotope labeling techniques providing for the first time mass spectrometric 

evidence for the detailed mechanism of the Akabori transformation of 



glycine and in particular the importance of formation of Schiff base 

adduct as a necessary step prior to the final conversion into serine and 

hydroxymethyl-serine. Furthermore, the results of these studies have 

indicated that sugars do not interfere with the Akabori transformation. On 

the contrary, isotope labeling studies indicated the ability of (Gly)2Cu 

complexes to act as molecular scaffolds that are able to undergo multiple 

reactions with glucose (in the presence and absence of paraformaldehyde) 

to generate various copper complexes of sugar conjugates. These 

relatively stable intermediates, allowed for the slower release of browning 

and aroma precursors such as Amadori products during heating as 

assessed by the extent of browning and total volatile release. Moreover, 

the oxidative degradation of various sugar conjugated copper complexes 

generated reactive amino-sugars such as 1-amino-1-deoxy-fructose 

(fructosamine), 2-amino-2-deoxy-glucose (glucosamine) which are not 

easily accessible under the Maillard reaction conditions.  Furthermore, the 

amino-sugars were found to undergo further reactions to generate 

important flavor compounds such as fructosazine and deoxy-fructosazine 

or react with other sugars and undergo dehydration reactions. 

Alternatively, the pyrolytic degradation of glucose under basic conditions 

provided by the glycine copper complex has led to the formation of 2,5-

dimethyl-4-hydroxy-tetrahydrofuran-3-one, the reduced form of 

furaneol®. Subsequent in-depth isotope labeling studies indicated that the 

2,5-dimethyl-4-hydroxy-tetrahydrofuran-3-one was generated through 

dimerization/cyclization of acetol catalyzed by amino acid metal salts. On 

the other hand, the reactivity of other food components able to complex 

with metal ions such as purine and pyrimidine bases was also explored. 

Heating aqueous reaction mixtures containing sugars and adenine and 

copper salts or synthetic adenine copper complexes was found to generate 



for the first time di-glycated adenine adducts in addition to adenosine. 

Furthermore, the reaction of furanmethanol with adenine in the presence 

of ribose was found to generate kinetin, an important plant hormone with 

possible food applications, while its reaction with adenosine generated 

kinetin riboside as confirmed by HPLC-DAD-MS and ESI/qTOF/MS/MS 

analysis. 
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