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1. 

Maillard, 
for the good

of
humankind???



Louis-Camille Maillard
1878-1936



The ‘’Maillard Reaction’’ was 
discovered…



Maillard reaction, 
as seen by English people

1908, A. R. Ling (not Ling and Malting !)

During beer making, when the temperature is between 120 and 150 °C, odour and colour appear

Ling, A.R. (1908) Malting, J. Inst. Brew., 14:494-521.



Today, a large community



Why such a growth ?



A common and general idea



“The Maillard reactioN is 

a very complex series of reactionS”



Wir müssen wissen, wir werden wissen



“The Maillard reaction is a very complex 
series of reactions“

74



Before characterizing, 
one needs to establish the existence



2. 

Facts



1866 
Hugo Schiff (1834-1915)  

Schiff H. (1866) Eine neue Reihe organischer Diamine (in German). Justus Liebigs Ann. Chem. 1866, 140, 92–137.
Qin W., Long S., Panunzio M., Biondi S. (2013) Schiff  Bases: A Short Survey on an Evergreen Chemistry Tool, Molecules, 18, 12264-12289.

Aldehydes + Amines
(Aldehydes + Amino Acids)
(Sucres + Amines)



He proposed the formation of  ‘’ 
Schiff bases’’ 

(secondary imines) from aldehydes 
and aromatic amines



1871
R. Sachsse observed the reaction 

between lactose and aniline

Sachsse R (1871) "Ber einige stickstoffhaltige Verbindungen des Milchzuckers. von Anilin, 834.



At that time, outside France, the existence 
of atoms  and molecules was admitted



1884,  1886, 
Emil Fischer explores the reaction 

of sugars and amino compounds

Produit P

1-amino-1-désoxyfructose

Fischer E. (1884)  Verbindunger des Phenyldydrazins mit den Zuckerarten, Ber. Dtsch. Chem. Ges., 17, 579-584

+

+

+



1888 
B. Sorokin 

studied the reaction of  
D-glucose and aniline

Sorokin B (1888), Ueber Anilide der Glycose, Ber. Dtsch. Chem., 19:513



1898
Lobry de Bruyn obtains D-glucosamine 

(crystallized by Breuer)

+ NH3



1909 
only Ling, and no ‘’Malting’’

( but a study on malting)

+ sucres

For sure, we need a GOOD history of chemistry, not a bad one



1909 
J. C. Irvine and R. Gilmour 

explore the reaction 
between D-glucose and p-toluidine



1912-1913
Maillard 



Reactions of amino acids and sugars 
had been studied for one century !



The goal: protein synthesis



The carbonyl and amino groups



Soft chemistry



Soft chemistry II



Where we are interested



A weak interpretation (lasso!)



1925-1931 
Mario Amadori (1886-1941) identifies 

the mechanism

Wrodnigg T.M., Eder B. The Amadori and Heyns Rearrangements : Landmarks in the History of Carbohydrate Chemistry or Unrecognized

α-hydroxyaldehydes + amines                               α-aminoketones



K. Heyns explores 
α-hydroxyketones 

and the formation of 2-amino-2-
désoxyaldoses

Kawamura S. (1983) Seventy Years of the Maillard Reaction, in The Maillard Reaction in Foods and Nutrition (Waller G. et al. 



3. 

What are 
« Maillard products »



« Chemical pools »

from specific precursors: 
sugars, amino acids, 

or Amadori or  Heyns products

Yaylayan, V. Classification of the Maillard reaction: A conceptual approach, Trends in Food Science & Technology, 1997, 8, 13



What is a Maillard reaction?  



Caramelization is not a Maillard reaction
and others are not also

Mottram D.S., Wedzicha B.L., Dodson A.T. (2002) Acrylamide is formed in the Maillard reaction. Nature, 419, 448-449.

- pyrolysis
- thermolysis
- intramolecular dehydratation   of hexoses
- oxidation
- hydrolysis
- Strecker degradation
- ...



A proposal: glycation reactions are... 
GLYCATION REACTIONS



What about “Maillard products” ? 



Can we speak of Maillard product 
each time there is a non enzymatic 

browning?

No !  



4. 

An open question



Of how much brown are the 
GLYCATION REACTIONS 

responsible here ?



Or another: 
How much 5-HMF is formed from 

the initial Schiff base ?

Composé d'Amadori

Composé de Heyns

Hexoses

Cellulose

Etc.



Conclusion : 

Let’s forget about Maillard reactions, 
Let’s speak instead of 

GLYCATION REACTIONS

(and use IUPAC Recommendations
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